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INTRODUCTION 
liany surveys have been made on the comparative incidence 
of various microorganisms that infect the manunary gland of 
dairy cows. Usually 92 to 96% of the infections are reported 
to be caused by gram-positive cocci and less than Zyo are 
caused by gram-negative coliform^ rods. No explanation is 
presented for this difference even though it would appear 
that exposure of the mammary gland and teats to gram-negative 
coliform rods is potentially great. 
Precise mechanisms by which microorganisms gain access 
to the mammary gland are unknovjn. liany factors appear to 
control infectibility of the mammary gland of each cow and 
within each quarter of the mammary gland. Apparently, infec­
tion takes place by passage of the microorganisms through the 
teat canal primarily during milking. 
Ease of milking has been reported to be related to sus­
ceptibility of the mammary gland to infection. An elevated 
milk flow rate of all quarters of the .mammary gland, an 
apparent objective expression of the ease of milking, has been 
suggested as a factor that might be related to susceptibility 
to new udder infections. However, no well documented reports 
^Gram-negative, nonspore-forming, aerobic, lactose-
fermenting rods including the various species of Kscherichia, 
Klebsiella, Aerobacter, and Gitrobacter. 
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associating milk flow rate and infectibility appear in the 
literature. 
The amount of milk produced by each quarter has also been 
suspected as being related to susceptibility of the mammary 
gland to infection. Conflicting reports on this aspect of 
the disease appear in the literature. 
In experimental infections of the bovine mammary gland 
with Aerobacter aerogenes and Streptococcus agalactiae, a 
protective effect has been related to an increased number of 
leucocytes in foremilk prior to exposure. Small numbers of 
microorganisms were injected directly into the teat sinus 
when relatively high numbers of leucocytes (above ^00,000 
cells per ml. in foremilk) were present. The protective 
effect of lower numbers of milk cells on naturally acquired 
infections of the mammary gland has not been investigated. 
Teat anatomy has been studied at necropsy after mammary 
gland infections have occurred. However, no complete vivo 
analysis of teat anatomy both before and after experimental 
exposure and infection has been reported. 
In assessing each of the above factors, the methods of 
experimental teat and mammary gland e^zposure to microorganisms 
are extremely variable. Natural exposure is usually quite 
slow and unreliable. Injection of small number of microorgan­
isms directly into the teat sinus has been shovm to result in 
intramammary infection; however, this is not a natural method 
of exposure If one is trying to duplicate field conditions. 
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The Hadley-Wisconsln swab exposure technique introduces 
numerous microorganisms into the distal end of the teat canal. 
Dipping teats in bacterial cultures has been used also. The 
last two methods make it very difficult to quantitate the 
exposure dosage accurately. However, both methods appear to 
duplicate the natural exposure route. 
This study was initiated to determine if the mammary 
gland is as susceptible to A. aerogenes as it is to Str. 
agalactiae when exposed to approximately equal numbers of 
each of these two microorganisms. Factors such as the maximum 
quarter milk flow rate, quarter milk production, cellular 
content in milk, teat canal length, and teat canal diameter 
were evaluated with regard to their influence on the suscept­
ibility of the bovine mammary gland to infection. 
The studies were carried out for 1? weeks during lacta­
tion and for 4 weeks during the dry period. 
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LITEHATUHù iSVIKW 
Incidence of Infection 
In ail parts of the world where dairy farming is of 
major importance, infection of the mammary gland is one of 
the most widely spread and economically significant diseases 
(6^). Until 1930» mastitis was considered to be an infectious 
disease with Str. agalactlae as the predominant etiological 
agent (64). In many recent surveys, Str, agalactiae was still 
an important microorganism and regularly caused 10 to 
of the mammary gland infections ( 2,<,23,28,22,52, 
81,133,1^0,141). In 1949, Stableforth et al, (142) reported 
35/^ of the cows in ten herds were infected with Str. agalactiae 
before treatment. In 1965» Frost and Sanderson (46) found 17^ 
of the cows infected with Str. agalactlae in I6 herds. 
The incidence of mammary gland infections reported to be 
caused by col!form microorganisms varied according to the type 
of survey from 0.2] to 2# (27,28,70,79,120,141,152). In 
problem herds where milk samples have been submitted for lab­
oratory examination. Packer (113) found $.8% of samples contain­
ed coliform microorganisms during a six-year period. In one 
herd, Schalm and Woods (132) reported that 9% of all quarters 
were infected with coliform microorganisms sometime during a 
"one-year period. Aerobacter aero gene s caused 70^6 of the infec­
tions. After 12 years'of mastitis control in one large herd, 
Schalm and Lasmanis (126) reported 11.2;i of the milk samples 
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studied during a two-year period contained coliform microorgan­
isms. In these three studies, the presence of coliform 
microorganisms in milk samples may not necessarily indicate 
that the microorganisms had established themselves within the 
udder. Their presence may only indicate contamination of the' ' 
milk during collection. Murphy and Hanson (86) observed that 
59'^% of the coliform infections in one herd were caused by 
A. aerogenes. They concluded that the mammary gland was 
better suited for the growth of A. aerogenes than for other 
conforms. 
Subclinical coliform infections are uncommon, but this 
type of infection has been reported to be carried through the 
dry period (79)» In some cases, chronic subclinical coliform 
infections can terminate with an acute flare-up of the infected 
quarter (86). In infected quarters that were able to eliminate 
A. aerogenes, the cell count in the milk returned to the pre-
infection level within l4 days or less (86). 
Coliform infections occurred in all ages of cows and all 
stages of lactation, but were more frequent shortly after 
parturition (121,123). The normal habitat of coliform micro­
organisms is in the intestinal contents and environment of the 
cow (l6,6^,86,125.129)• These microorganisms are in frequent 
contact with the distal end of the teat and teat canal (64). 
Strains of A. aerogenes from manure and from infected mammary 
glands appeared to be alike (49). 
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Coagulase-negative strains of staphylococci are commonly 
found within the bovine udder. In 604 cows, Sharpe et al» 
(137) observed 17% of the quarter infections were caused by 
coagulase-negative staphylococci. The teat skin of many cows 
was found to be colonized by coagulase-negative staphylococci 
(139). 
Exposure Methods 
The degree of exposure is important in any infectious 
disease because individual resistance is a relative quantity 
that theoretically can be overcome if a sufficiently large 
number of the specific microorganisms gain access to the 
relatively resistant animal (82). 
Infection of the mammary gland takes place via the teat 
canal (15,2],3],62,64,65,68,70,84,100,101,141,145,153). 
experiments have shown that oral or hematogenous routes of 
infection as well as penetration of the teat skin are quite 
unlikely pathways of infection for most microorganisms (23,70). 
Application of microorganisms to the skin around the teat 
orifice appeared to be the method that came the closest to 
the natural way of udder exposure (21). Neave and Oliver (97) 
reported greater survival of microorganisms when experimentally 
applied to the distal end of the teat compared with survival 
on the wall of the teat. 
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Bracewell and Pattison (13) dipped teats in iS-hour 
cultures of 8tr. agalactiae on three consecutive days each 
week for 32 weeks. The authors felt the method of exposure 
more closely approached the natural way that occurred in the 
field. When teats were dipped in a broth culture, approxi­
mately 0.1 ml. of fluid, was left on the teat (97). Most of 
the fluid accumulated at the tip and dried within 10 to 25 
minutes. 
Little (69) utilized three methods to expose the mammary 
gland to streptococci; 1) a drop of a six and one-half hour 
broth culture was rubbed on the teat end, 2) rubber bags 
filled with broth culture were tied over the teats, or 3) the 
teat end was immersed in broth culture during hand milking. 
Only the last method resulted in intramammary infections. 
Christiansen and Nielsen (23) could not induce infection 
within the sinuses of normal teats when broth cultures of 
streptococci in rubber bags were placed over each of five 
teats for up to 33 days. However, if the teat canal was injur­
ed, infection rapidly established within the sinus of the teat. 
Hadley and Frost (48), and Murphy and Stuart (90) exposed 
quarters of the udder by twirling a cotton swab, contaminated 
with Str. agalactiae, in the distal end of the teat canal. The 
technique deposited approximately 5 million Str. agalactiae 
in the distal end of the teat canal ( 9 2 ) .  
For uniform exposure of all teats, Lancaster and Stuart 
(65) milked experimental cows with hands deliberately contam­
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inated with milk containing Str. a^alactiae. 
According to Little and Plastridge (70), the inoculation 
of a broth culture or infected milk into the teat sinus by 
way of the teat canal really does not duplicate the natural 
route of infection. However, the method has been used to 
determine quarter resistance after the microorganism has 
passed through the teat canal. In the normal gland, large 
numbers of microorganisms are not required to produce an 
intramammary infection (100). For challenge purposes, it 
has been suggested that 1,000 viable Str. agalactiae per 
quarter should be injected into the teat sinus via the teat 
canal. Infection produced by this technique was identical 
clinically, biochemically and bacteriologically to natural 
bovine cases (114,14^). Howell et aJ. (55) reported that 
inoculation of less than 50,000 viable Str. agalactiae from 
an 18-hour broth culture directly into the teat sinus would 
not cause quarter infection in the bovine. The authors 
stated that the results were related, to the relatively aviru-
lent cultures used in the experiment. 
It has been reported that neither age nor growth phase 
of cultures have a major effect on the incidence of infection 
when used as exposure material (100). However, Merilan and 
Herman (76) found that Str. agalactiae in the logarithmic 
growth phase was more invasive and better able to withstand 
the effects of body fluids. 
9 
The larger the number of microorganisms which were applied 
to the teat end, the greater was the infection rate ($7,100). 
When 100 million microorganisms were placed on the end of each 
teat, infection rate was quite high (l4l). When 750,000 
microorganisms were placed on each teat, the new infection 
rate was only per week (98). 
In order to obtain a high incidence of udder infection 
during a lactation, Neave e_t al. (98) dipped all teats in 
cultures just before every milking. To reduce the natural 
differences in the level of exposure of animals to micro­
organisms, the teat-cup clusters were sanitized for 2 minutes 
in water at 80° G. before milking each animal (98). 
Methods in mastitis research that might be expected to 
yield results more quickly and consistently include the arti­
ficial exposure of teats to known numbers and types of micro­
organisms and then compare the number and type of infections 
that occur in each cow and each quarter (70). 
Studies Utilizing Aerobacter aerogenes 
When a lactating gland was producing cell-free milk, 
as few as five to ten viable A. aerogenes Injected into the 
teat sinus resulted in infection (123). Comparable numbers of 
Escherichia coli resulted in similar infections within quarters 
producing cell-free milk (12?). 
Fifty or more viable A. aerogenes produced udder infec­
tion when the cell count in milk was 500,000 per ml. or less 
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(123,128,129). After inoculation, the microorganism usually 
was recovered in fresh unincubated milk up to 48 hours and 
for an additional four to six days in incubated milk (129). 
Within seven to 14 days after acute infection, the cell count 
in milk from the affected quarter was usually less than 100,000 
cells per ml. (123,129). 
Approximately 100 viable A. aerogenes were introduced 
daily into the same quarter for six to eight days without 
infection occurring when the cell count in striprings remained 
above 150,000 cells per ml. (125). 
Larger numbers, approximately 1,000 viable A. aerogenes, 
sometimes broke through the cell barrier and resulted in 
infection of the mammary gland (123). However, Blobel and. 
Katsube (12) injected 10,000 viable A. aerogenes into each of 
four quarters with average cell counts of 5 million per ml. 
in milk and all quarters were resistant to infection. 
Observations Indicate that A. aerogenes is usually not 
transmitted from cow to cow (49). 
Studies Utilizing Streptococcus agalactiae 
The natural habitat of Str. agalactiae has been observed 
to be the bovine udder (2.20,44,57,77,99,125,141,145). In 
herds where a large number of quarters were infected with Str. 
agalactiae, the microorganism could be recovered from the 
skin of the udder and from the hands of the milkers (2,65,142 
145). Recovery of these microorganisms did not necessarily 
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Indicate colonization of the skin, but they probably were 
present because of repeated contamination of the skin at 
each milking (2). The outer layers of the skin rapidly 
destroyed transient microorganisms, but teat sores and cracks 
were regularly infected with Str. agalactiae as well as other 
microorganisms (19). Lancaster and Stuart (65) found no 
indication that noninfacted cows were able to remove Str. 
agalactiae from the teat skin more efficiently than infected 
cows. Streptococcus agalactiae persisted longer on the teat 
end than on the lateral wall of the teat. Washing the udder 
increased the chances of recovering Str. agalactiae from the 
teat skin (97). 
The incidence of prepartum infection of the udder caused 
by Str. agalactiae has been investigated by several workers 
(2,77,124,141). These workers have reported that between 
1.3^ and 8^ of heifers were infected with Str. agalactiae 
before their first parturition. 
A higher incidence of new Str. agalactiae infections in 
the first three months of lactation has been reported in 
comparison with the incidence during the remainder of lacta­
tion (58). The incidence of new Str. agalactiae infections 
is not seasonal and no breed differences have been found (82). 
In a low humidity environment Str. agalactiae was able 
to survive for periods of over three years, but in a high 
humidity environment the microorganism did not survive more 
than a few weeks (156). Streptococcus agalactiae survived up 
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to 21 days on objects within the barn and up to 26 days on 
some parts of the cow's skin. It multiplied and persisted 
in teat sores of infected and noninfected udders (2,20,59» 
140,145)- Following experimental exposure, Murphy and Stuart 
(92) showed that Str. a^alactiae was unable to reside longer 
in the distal end of phe teat canal in cows which were 
susceptible as opposed to resistant cows. Streptococcus 
agalactiae survived only temporarily on other parts of the 
cow's body and within her environment (l44). 
Streptococcus agalactiae is spread from cow to cow almost 
solely during the process of milking by udder washing cloths, 
milkers' hands and the milking machine (20,21,40,57,70,77, 
95,96,99,141,145). If one or more infected cows remain within 
a herd, the best methods of management, sanitation, and dis­
infection as applied in the past did not prevent the spread of 
Str. agalactiae (40,50: 58,82,95» 102,119). Common methods of 
dipping the teat-cups of the milking machine in disinfectant 
solution have been shown to be ineffective in preventing the 
spread of Str. agalactiae (2,31). After milking an infected 
cow, flushing the milking unit with tap water has been shown 
to reduce the microorganism count in the milking unit by 21 
to 57^ of the original count (Jl). Circulation of water at 
70° C. through the milking unit reduced the count of viable 
Str. agalactiae to 0.012 to 0.049% of the original count after 
milking an infected cow (31). When the milking unit was 
sanitized at 90° C., only 3.4^ of 8IO milking units were still 
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contaminated (15^). A freshly sanitized milking unit for 
each cow would be ideal (32,96,99.1^1)- As udder cloths have 
been incriminated in the spread of Str. agalactiae, it has 
been advocated that previously sanitized udder cloths be 
used for each cow (l45). 
Murphy and Stuart (91) observed that milk from infected 
or noninfected cows inhibited the growth of Str. agalactiae 
during the first three hours of incubation. They also observed 
the same period of growth inhibition in broth cultures inocu­
lated with Str. agalactiae. From these observations, the 
authors concluded that the inhibition of growth by milk would 
seldom, if ever, represent a significant barrier to infection 
of the bovine mammary gland (91). Essentially the same find­
ings were reported by Baumgartner et al. (?)• 
The number of viable Str. agalactiae introduced into the 
teat sinus has been observed to influence udder infection. 
When nine quarters of five cows were exposed by injection of 
approximately ^00 viable Str. agalactiae directly into the 
teat sinus via the teat canal, only one quarter developed 
infection (68). Ten quarters of five cows were exposed 
as above to approximately 6,000 viable Str. agalactiae. and 
six quarters developed infection (68). Approximately 60,000 
viable Str. agalactiae were introduced as above into six 
quarters of five first-calf heifers and all six quarters be­
came infected (68). In the above studies, no mention was made 
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concerning the number of cells in milk collected before 
exposure. 
Murphy and Stuart (87) injected 35 + 31 viable Str. 
agalactlae into the teat sinus one hour after milking and 
showed that every quarter with a cell count in milk of less 
than 200,000 cells per ml. routinely became infected. Quart­
ers with cell counts in milk over $00,000 cells per ml. re­
sisted artificial exposure but became infected under natural 
exposure conditions (87). Blobel and Katsube (12) injected 
10,000 viable Str. agalactiae into each of eight quarters 
with average cell counts in milk of 5 million per ml, and all 
quarters became infected. 
Previous infections of the udder and an elevated cell 
count in the milk favor a subsequent invasion by Str. agalac-
tiae (48,65,66,70,115). 
Penicillin is the method of choice for treatment of 
quarters infected with Str. agalactlae (145). There have 
been no reports of penicillin-resistant strains of Str. 
agalactlae and one infusion of 100,000 units of penicillin 
eradicated the infection from over 90% of the infected quarters 
(44,145). 
Dry Period Studies 
The incidence of new dry period infections has been 
reported to vary from 24 to 35'1/à (94,96,107,110). In one 
study, Oliver e_t a2. (IO7) observed a new Infection rate of 
4.8^ per week the first three weeks of the dry period, compared 
with a new infection rate of 0.8# per week during the previous 
lactation. Neave et aJ. (9^) observed that most infections 
occurred the first three weeks of the dry period. 
The incidence of new infections during the dry period 
has been shown to be affected by the method of dry-off at 
the end of lactation. Abrupt stoppage of milking or inter­
mittent milking usually have little effect on the new infec­
tion rate during the dry period. However, the new infection 
rate was increased in quarters of cows not infected in any 
quarter when drled-off by abrupt stoppage of milking as 
compared with cows infected in one or more quarters (107,108). 
Also, there were twice as many new infections during the dry 
period in cows that were hand-stripped during lactation as 
compared with machine-stripped cows (IO7). 
In experimental exposures of the ezterior of the teat 
during the dry period, the number of microorganisms placed 
on the teat end was directly related to the incidence of 
infection (97). Ten of 28 quarters became Infected when I.5 
million microorganisms were placed on the end of each teat 
during the dry period. When exposure doses below 5OO.OOO 
microorganisms were placed on the end of each teat, the infec­
tion rate was very low. 
The relationship between milk yield just before dry-off 
and the new Infection rate in the early dry period has been 
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evaluated by Oliver e_t aJ. (109). Forty-one percent of cows 
giving less than seven pounds per day became infected in 18^ 
of their previously noninfected quarters, whereas, in cows 
giving over 21 pounds, 71^ became infected in 4^^ of their 
noninfected quarters. 
Milk Production 
Available evidence on the relationship of milk production 
and the incidence of udder infection is conflicting. More 
frequent udder infections have been observed in higher pro­
ducing cows (64). Hastings ejb a2. (49) reported that cows 
that became infected with A. aerogenes were yielding 0.2 
pound more milk per day than cows that did not become infected 
with this microorganism. In a study of 58 infected cows, 
HcLeod and Wilson (75) concluded that the cows that became 
infected yielded 8.4# more milk the previous lactation. The 
data appeared to support the theory that increased suscepti­
bility to udder infection was due to an inherited ability to 
produce high milk yields rather than a high milk yield placing 
strain upon the udder which may predispose to udder infection. 
Neither Stableforth (l4l) nor Watts (157) were able to 
associate high production with increased udder infections. 
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M4-lking Rate 
Machine milking rate has been reported to be an objective 
measure of teat canal patency, dilatability, extensibility, 
milkability or ease of milking (39,89). In general, milking 
rate has been aeasured by suspension of the milking machine 
from a spring balance and reading the pounds of milk removed 
from the whole udder at specified intervals throughout the 
milking operation (10). More complex methods are available 
for this purpose (l60) , but nearly all methods evaluate 
milking rate on a whole udder basis. 
Many extrinsic factors affect the milking rate. Weight 
of the milking machine cluster (38,85), vacuum level and 
stability at the end of the teat (135,161), pulsator ratio 
(135,161), pulsator rate (135,161), diameter of the milking 
machine inflation (13^) and tension on the inflation (l4l) 
affected milking rate. Most all of these factors can be 
standardized and uniform conditions can be used to determine 
milking rates on each cow (25), Intrinsic factors affecting 
milking rate include length and diameter of the teats (4l,6l, 
134,143), intramammary pressure (6I), milk yield (9,61) and 
dilatability of the teat canal (6I). The dilatability of the 
teat canal was the most important cause of variation in rate 
of milking when cows were recorded during the first half of 
lactation under standardized conditions (3,8,25,61). The 
maximum milk flow rate for each cow was highly repeatable from 
day to day and from one lactation to the next (10,14,35,^1,61) 
and was considered to be the best single evaluation of milking 
rate (6l,l62). Holstein-Priesian cows have been reported to 
have the highest maximum rate of milk flow of any breed of 
cattle used for dairy purposes (10,41). 
The dilatability of the teat canal, as expressed by meas­
urement of the maximum milk flow rate, has been reported to 
be related to the differences in susceptibility to udder 
infection between cows exposed to the same environment (39. 
61,74). The most probable explanation for the increased 
incidence of infection was that microorganisms apparently 
could more easily gain entrance to the udder through larger 
and more patent teat canals. 
In a study of 19 cows, Murphy and Stuart (89) found no 
relation between high maximum milk flow rate and increased 
udder infection. In another study where maximum milk flow 
rate was determined on 217 cows, those with higher maximum 
flow rates did not become infected more frequently (67). 
Little and Plastridge (70) stated that there was no 
exact measure of teat patency, and also there might be tempo­
rary periods of teat canal incompetency that do not coincide 
with periodic observations of the investigator. 
Cellular Content in Milk 
The number of cells in milk is considered the most reli­
able test for detection of udder irritation (60,64,l4l). The 
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method of Près cott and Breed (118) has been used by many since 
1910 to determine the number of cells in milk. 
The majority of noninfected quarters had cell counts of 
less than 200,000 to ^00,000 cells per ml. of milk if the 
samples were collected within three hours of the next regular 
milking (159)- However, levels of 200,000 to 500,000 cells 
per ml. of milk or higher were indicative of udder irritation 
(71,141,159). Stripping milk usually contained a greater 
number of cells than foremilk (29,159)' 
In over 5.000 samples of milk from noninfected quarters, 
Blackburn £t al. (11) found that all samples of milk with 
total cell counts of 100,000 per ml. or less had an average 
of 44^ neutrophils. Higher counts showed neutrophil percent­
ages of 51 to 60. On the basis of this data, they concluded 
that the differential cell count possessed little or no advan­
tage over the total cell count in the diagnosis of udder 
infection. According to Macadam (71)t milk from quarters with 
chronic udder infection usually have around 40^ neutrophils. 
In acute infection, neutrophils increased to 5I to 96^ of 
the total cells in milk. The neutrophils found in milk 
display a somewhat altered appearance (29). 
Indirect mastitis tests such as the California mastitis 
test (GMT) provide a reliable measure of the cellular content 
in the milk (60). The results of the CMT (I3I) closely 
correlated with the cell content in milk (6,26,30,116,136). 
Milk samples from 50 to 90fo of infected quarters were reported 
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(6,26,72,122) to give a positive reaction in the CMT. Mechan­
ical trauma and physiological factors may also be the cause 
of positive CMT reactions. 
It has been observed that Str. agalactiae and A. aerogenes, 
but not coagulase-negative staphylococci, are able to with­
stand intracellular lysis following phagocytosis (63). Schalm 
et al. (125) stated that phagocytosis of coliform microorgan­
isms within the mammary gland played a major role in the pro­
tection of the cow against coliform infection. 
Teat Anatomy 
According to McEwen and Cooper (74), there is no evidence 
that the shape or external condition of the teat and teat 
orifice had any relationship with susceptibility to udder 
infection. However, Hickman (51) stated that funnel-shaped 
teats and teats of small diameter were more susceptible to 
mastitis. Cylindrical teats and teats of large diameter were 
most susceptible to mastitis. However, the study did not 
investigate the incidence of new Infections in teats of various 
size and shape. Murphy (84) concluded, that the structure of 
the internal mucous membrane lining the teat sinus did not 
play a major role in natural establishment of udder infection. 
The structure of the teat canal and its closing mechanism 
has been related to susceptibility to udder infection (70). 
Each teat and its quarter represent a single unit. Each teat 
possesses its own protective mechanisms and these vary in 
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different quarters of the same cow. The teat canal relaxes 
and is stretched as milking progresses (l6l). The relaxing 
and stretching of the teat canal might play a role in the 
entry of microorganisms. Pounden and Grossman (11?) listed 
four factors concerned with closure of the teat canal: 1) 
smooth muscle, 2) a rosette at the proximal end, 3) elastic 
fibers, and 4) desquamated epithelial cells (keratin). As 
the teat canal remained effectively closed after denervation 
of the udder, it would appear that the elastic fibers are 
quite important in maintenance of teat canal closure (23,117). 
worse et . (78), Hurphy (81) and Murphy and Stuart (87,88, 
90) have shown that mechanisms within the teat canal could 
prevent establishment of udder infections. Biochemical 
analysis of the epithelial cells lining the teat canal showed 
that resistance could be related to decreased glycogen, in­
creased glucose-6-phosphate dehydrogenase and increased 18 
carbon unsaturated free fatty acids. The desquamated epithel­
ial cells from the stratified squamous epithelium lining the 
teat canal form wax-like masses in the teat canal. Adams and 
Rickard (1) reported that the desquamated epithelial cells in 
the center of the teat canal contained antistreptococcal sub­
stances, apparently l4, I6 and 18 carbon unsaturated free fatty 
acids. The amount of the material within the teat canal 
appeared to be indirectly proportional to the amount of milk 
retained in the teat canal after milking (117). The teat canal 
epithelium is usually thrown into three to five longitudinal 
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folds (^3,117,153.155)• On cross-section this star-shaped 
lumen is usually completely occluded by keratin. This peculiar 
structure permits considerable dilation of the teat canal dur­
ing milking (153)' 
A rosette has been reported by Pounden and Grossman (11?) 
at the junction of the teat canal and teat sinus. The rosette 
was shown to retain milk within the teat sinus when the rest 
of the teat canal was amputated. During milk flow, the rosette 
was dilated and a funnel-shaped passage was created. After 
examination of a large number of teats, Foust (43) could find 
no evidence of a rosette at the proximal end of the teat canal. 
Little (69) suggested that in some heifers the teat canal 
may act as a natural barrier to microbial invasion of the udder. 
The teat canal was reported to be Incompletely closed in some 
cases and capillary fluid attraction permitted milk to flow 
through the canal between milking. If the teat canal closed 
completely, no milk remained within the canal (42). If the 
teat canal was rough and irregular, many small pockets and 
crevices were present in which milk could be retained (33) and 
together with capillary attraction, microorganisms in the milk 
could have an avenue of entrance into the mammary gland. 
The length of the teat canal has been measured by several 
techniques and was found to vary from 5 to 14 mm. in length 
(33,62,93,153,155)' Short teat canals have been associated 
with acute udder infections, but secondary defects have been 
postulated in some cases (53)- Murphy and Stuart (93) ^ ound 
no relationship between length of teat canal in six cows and 
infectibility by Str. agalactiae. No definite relationship 
between length of teat and length of teat canal has been 
observed (62). The distal end of the teat canal tends to 
evert during milking (42) and thus to shorten the effective 
length of the teat canal. 
Murphy (85) examined teats of 87 cows for milking ease 
and grouped them into patent and nonpatent categories. A 
trend existed toward a greater incidence of infections in 
quarters with patent teats. McSwen and Cooper (74) reported 
similar findings. Newbould (100) observed a relationship 
between teat canal patency, as determined by maximum milking 
rate, and susceptibility to infection. Bspe and Gannon (42) 
and Stuart and Lancaster (14?) found no definite evidence that 
easy-milking cows were more susceptible to udder infection. 
Humane (80) estimated teat canal dilatability by the diameter 
of the stream of milk withdrawn during milking and found no 
evidence that cows with easily dilated teat canals were more 
susceptible than cows whose teat canals were difficult to 
dilate. 
Arnold (4) and Johnston (62) examined teat canal circum­
ference in detail. Arnold (4) examined 67 teat canals and 
in 80%' of the canals the smallest circumference was located 
at the distal end, 10^ had the same circumference throughout, 
8^ had the smallest circumference in the middle and 2% had 
the smallest circumference at the proximal end of the canal. 
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It would appear that teats with the smallest circumference 
of the teat canal in the middle or proximal end would leave 
an area at the end of the canal for microorganisms to gather 
and multiply. Johnston's results (62) were similar to Arnold's 
report. Johnston concluded that the circumference of the teat 
canal at its narrowest point was the only area likely to be 
of importance in control of the passage of microorganisms into 
the teat sinus. 
Immunity 
Several investigators (66,70,145,147) reported no demon­
strable immunity to reinfection was produced as a result of a 
natural mammary gland infection with Str. agalactiae. Barnum 
(5) stated that milk contained no inhibitory substances 
specific for Str. agalactiae. Norcross (104) showed that 
naturally infected four to five-year-old cows had low blood 
serum titers for only one extracellular antigen of Str. aga­
lactiae . Later, Norcross (IO3) was unable to detect antibodies 
against three extracellular antigens from Str. agalactiae in 
the serum of experimental cows continuously infected in all 
four quarters for 506 days. At 457 days after infection, a 
serum titer of 1:25 to 1:50 was obtained which was specific 
for the Lancefield group B polysaccharide antigen of Str. 
agalactiae. Higher titers were present in colostrum than in 
blood serum (17,104). Neither a formalized nor a living 
culture of Str. agalactiae administered subcutaneously stimu-
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ulated antibody formation which was specific for the particu­
late microorganisms (IO3). From these studies the authors 
concluded that in streptococcal infections of the bovine 
udder, the antibodies stimulated to the greatest degree were 
against the extracellular growth products. These antibodies 
would not be expected to be active as a defense against re­
infection with the same microorganisms. Streptococcus agalac-
tiae can be eradicated from the udder quite readily with anti­
biotics only to re-establish itself in the same quarter with 
no apparent increased resistance as a result of the previous 
infection. It would appear that antibodies were not formed 
in the udder (104). 
Stewart (1^5) reported that cows infected with Lancefield 
group B streptococci had blood serum agglutination titers of 
1;60 to 1:320, but he did not give challenge results. Brace-
well and Pattison (13) observed blood serum titers of 1:4 to 
1:128 in agglutination tests following vaccination with Str. 
agalactiae. In this study, vaccination resulted in a minimal 
level of protection against reinfection in favor of the vac­
cinated cows. Streptococci as a group are poor antigens, but 
they did display some small beneficial immunizing activity 
(13). Formalized broth cultures of Str. agalactiae administer­
ed subcutaneously resulted in serum agglutination titers up 
to 1:256; but, upon subsequent exposure, serum titers were 
not an accurate guide to the resistance of the animal (56). 
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In two cows naturally infected with A. aerogenes, Burk-
hardt et al. (l6) were unable to show agglutinating antibodies 
30 days following infection. Using the hemagglutination test, 
Schalm et a2. (125) and Carroll et . (18) could not detect 
antibodies to endotoxin in the sera of four cows following 
experimental Infections even though decreased reactivity to 
the endotoxin upon repeated exposure did occur. For these 
reasons, It is possible to use a single cow several times dur­
ing a lactation for the production of acute coliform mastitis 
as no circulating antibodies are present after repeated expo­
sure (123,129). 
After an extensive review of the literature, Derbyshire 
(34) and Oliver (IO5) concluded that the evidence suggests 
that humoral antibacterial factors normally present in milk 
have little Influence on the control of udder infection, and 
that their effect is probably overshadowed by the cellular 
effects. 
2? 
MATERIALS AND METHODS 
Herd Management 
Twelve Holstein-Friesian cows were utilized in this 
research. Age, number of lactations, and month of lactation 
at the beginning of the experimental period are given in 
Table 1 for each animal. Udder infections in these cows before 
the beginning of this research have been recorded in Table 2. 
The herd was held in a dry lot during the day and housed in 
a stanchion barn at night. Cows were milked twice a day 
starting at 6:30 A.M. and 3O0 P.M. (nine- and 15-hour milk­
ing intervals). The cows were fed dry hay which was supple­
mented at each milking by an adequate pelleted grain ration 
(l4^) protein). 
Table 1. Cow numbor, age, lactation number, and lactation 
month of the twelve cows at the start of the experi­
mental period. 
Cow Age Lactation Lactation 
number month 
4790 6 4 1 
4796 6 4 1 
4812 6 4 1 
4826 5 3 7 
4831 5 4 1 
4928 5 3 3 
4929 5 3 4 
4932 5 3 4 
4939 5 3 5 
4950 5 3 4 
5076 4 2 5 
5 1 1 9  3 1  2  
Table 2. Occurrence of intramammary infections in twelve cows prior to experimental exposure 
Total number 
First Dry Second Dry Third Dry of infections 
Gov Quarter Prepartmri Lactation Period Lactation Period Lactation Period Quarter Cow 
kJ90 RF S.eo* 1 
RR S.e. 1 6 
IJF 3o6« S»0« 2 
XiR S«Co 3«6o 2 
kJ96 RF s.e.  ^ 1 
RR S.e. R R 3 12 
LF C S.e. 3 
LR C, C C, s.e. S.e. S.e* 5 
4812 RF 0 
RR S.e. S.e. 2 
LF S.e. 1 
IR 0 
^S.e. = Staphylococcus epidermidis. 
^R = Unidentifiable gram-negative rod. 
= Coliform. 
'^S = Streptococcus other than 8. agalactlae. 
^8.a, = Staphylococcus aureus. 
2 4826 RF S.e. 
RR S.e. S.e. S.e. S.e. 4 13 
LF S.a.^ S.aof S S.e. 4 
LR S.e., S S.e. 3 
Table 2. (Continued) 
Experimental exposure 
Total number 
First Dry Second Dry Third Dry of infections 
Cow Quarter Prepartum Lactation Period Lactation Period Lactation Period Quarter Cow 
4831 RF S S.e. S.e. S.e. k 
m s.e. s.e. S.e. C h 12 
LP R 1 
LR S.e. S.e. S.e, 3 
i+928 RF 0 
RR f 05 
LF S.e. R D R 4 
LR R 1 
4929 RF 0 
RR S.e. S.e. C 3 11 
LF R S.e. S.e. 3 
LR D D, S.e. S.e. S.e. 5 
4932 RF S.e. 1 
RR S.e. 1 5 
LF C 1 
LR S.e. S.e. 2 
4939 RF C S.e. S.e. S.e. k 
RR S.e. S.e. S.e, S.e. 4 13 
LF S S.e. 2 
LR S C S.e. 3 
f. D = Diphtheroid 
Table 2. (Continued) 
Experimental exposure 
Total number 
First Dry Second Dry Third Dry of infections 
Gov Quarter Prepartum Lactation Period Lactation Period Lactation Period Quarter Cow 
4950 RF 0 
RR S.e. S.e. S.e. 3 7 
LF G 1 
LR S S.e. S.e. 3 
5076 RF 0 
RR 0 1 
LF 0 
liR 8.Go 1 
5119 RF 0 
RR 0 0 
LF 0 
LR 0 
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HiIking Procedures 
Bucket-type milking machines^ equipped with moulded 
2 teat-cup liners were used to milk the cows. Inflations were 
replaced every 1,000 milkings. Pulsation rate was 48 per 
minute and pulsation ratio was approximately 50:50. Right 
and left halves of the udder were milked alternately (2X2 
milking machine). Once a week each milking machine was com­
pletely disassembled and cleaned with acid to remove any milk 
stone. The vacuum at the end of the teat was quite unstable 
during maximum milk flow, as shown in Figure 1. After the end 
of milk flow, teat end vacuum was quite stable as shown in 
Figure 2. This vacuum instability at the teat end has been 
observed in most commercial milking machines in operation 
today (151). 
Before milking each cow, the milking machine cluster and 
long milk tube (subsequently referred to as the milking unit) 
were rinsed in a bucket of cold tap water. Water at 200° F. 
was then circulated for at least 30 seconds through the milking 
unit (Figure 3), which was cooled with running cold tap water 
before milking the next cow. 
Udders were washed by hand with running 115° F. tap water 
(Figure 4). Washing was initiated approximately one minute 
^DeLaval Separator Company, Poughkeepsie, New York. 
p 
0 5 ,  DeLaval Separator Company, Poughkeepsie, New York. 
Figure 1. Vacuum changes inside the milking machine inflation 
during maximum milk flow. 
Figure 2. Vacuum changes inside the milking machine inflation 
after the end of milk flow. 
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Figure 3« Equipment utilized 
A = Teat cup water 
B = 220 volt water 
to sanitize the milking unit. 
circulator 
heater 
Figure 4. Procedure used in washing the udder and teats with 
running water under low pressure at 115° F. 
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before milking machine application. Following thorough 
udder and teat washing, these structures were dried with dis­
posable paper towels (Figure 5)- Before each milking, approx­
imately 5 ml. of foremilk were removed from each quarter 
for the CMT. If a positive reaction was noted a milk sample 
was collected in a sterile tube and frozen for subsequent 
bacteriological analysis. The milking machine was then applied 
to the udder and all teat-cups were left on until milk flow 
ceased from all quarters. The vacuum supply was cut off from 
the bucket to the milking unit and all four teat-cups were 
removed simultaneously. Under these circumstances, it was 
difficult to prevent overmilking of some quarters. Teat dip­
ping was not practiced. 
Quarter Milk Production and Flow Kates 
At two-week intervals, quarter milk production and quarter 
milk flow rates were measured with the aid of a specially con­
structed quarter milking machine (Figure 6). Measurements 
were taken at four consecutive milkings. Quarter production 
was obtained by recording the total volume of milk produced by 
a quarter during the four milkings. The average daily quarter 
milk production thus obtained represented production for the 
previous week and the following week. 
Figure 5- Drying the udder and teats with disposable paper 
towels. 
Figure 6. Special milking machine used for observation of 
quarter milk flow rates. 
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Bacteriological Methods 
Exposure cultures 
Aerobacter aerogenes (Schalm 1236 Strain) (129) was ob­
tained from Dr. 0. W. Schalm^. Streptococcus agalactiae 
(Cornell 48 Strain) was first isolated by Dr. J. M. Murphy 
in New York in iïay, 1948 (9I), and a culture was obtained 
p 
from Dr. G. E. Morse . These two microorganisms were selected 
because they had been used extensively in published bovine 
mastitis experiments. Streptococcus agalactlae and this 
morphologically distinct strain of A. aerogenes had never 
been isolated from any cow in this herd prior to this experi­
ment . 
A supply of lyophylized pure cultures of A. aerogenes 
and Str. agalactiae was prepared before the experiment started. 
At the beginning of each week of the experimental period, new 
ampoules were opened and these cultures were used to prepare 
exposure or challenge cultures for the week. 
Pure cultures of A. aerogenes and Str. agalactiae were 
grown in Ifo horse serum beef infusion broth at 37° C. Appro­
priate amounts of inoculum were selected so that the two cul­
tures contained the desired number of colony-forming units 
^Department of Clinical Pathology, College of Veterinary 
Medicine, University of California, Davis, California. 
p — 
New Bolton Center, Kennett Square, Pennsylvania. 
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(CPU) at three and one-half hours post Inoculation. Typical 
growth curves of these two microorganisms are shown in Figures 
7, 8, and 9. In order to use equal numbers of microorganisms 
of the same age, two parts of a three and one-half hour culture 
of Str. agalactlae and one part of a three and one-half hour 
culture of A. aerogenes were miyed together. To determine the 
actual number of GPU of each microorganism used during each 
exposure, two pre-exposure counts were made, one utilized 0.1 
ml. of the inoculum and the other started with the contents 
of the 0.01 ml. micropipette used during exposure procedures. 
Serial ten-fold dilutions were made in a 0.1^ solution of ' 
proteose-peptone #3^ and 0.1 ml. of a 10"-^, 10~^, 10"^ prepar­
ation was spread on the surface of each of three blood agar 
plates^ (5^ packed bovine triple-washed red blood cells by-
volume). All colonies were counted at 24 hours and again at 
48 hours. Following sampling for determination of CPU, the 
inoculum was sealed in a vial, placed in ice water and trans­
ported to the barn in an insulated carrier where it was used 
for exposure of the teat ends. After the teat ends had been 
exposed, the remaining inoculum was assayed for CPU as previous­
ly described starting with the contents of a 0.01 ml. micro-
^Difco Laboratories, Detroit, Michigan. 
2 Unless otherwise specified all plates used in this study 
were 10 x 100 mm. and following inoculation all plates were 
incubated at 37° C. in the inverted position for 18 to 24 hours 
followed by holding at room temperature for an additional 24 
hours before examination. 
Figure 7. Growth curve of Streptococcus agalactiae in serum 
broth. 
Figure 8. Growth curve of Aerobacter aerogenes in serum broth. 
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Figure 9. Growth curve of Aerobacter aerogenes in serum broth 
as detected on the surface of modified Tergitol-7 
medium. 
Figure 10. Micropipette technique used to expose the end of 
the teat. 
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pipette. This enumeration was carried out to determine the 
effect of cooling, diluent, and time on the viability of the 
microorganisms. 
Teat exposures 
Each teat of the 12 cows in this experiment was exposed 
(Figure 10) before and after milking at five evening milk-
ings each week for 13 weeks during lactation. During the 
first three weeks of the dry period, nine of these 12 cows 
were similarly exposed. The entire contents of a 0.01 ml. 
micropipette were placed on the end of each teat at the time 
of each exposure. The inoculum was placed on the teat end 
where the distal end of the teat canal opened externally. 
Teat impressions 
Teat impressions were taken about every two weeks during 
the lactational exposure period by the technique illustrated 
in Figure 11. Both blood agar and modified Tergitol-7 medium 
(4 mg. triphenyltetrazolium per 100 ml. was added to melted 
Tergitol-7 medium^ just before plates were poured) (22) in 
petri plates were used. Aerobacter aerogenes grew on modified 
Tergitol-7 medium as well as on bovine blood agar (compare 
Figures 8 and 9)- Preliminary observations indicated that the 
exposure microorganisms were most frequently recovered just 
^Difco Laboratories, Detroit, Michigan. 
Figure 11. Technique for taking impressions of the teat end 
on the surface of a solid medium. 
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after udder washing and drying and before milking machine 
application. Therefore, all teat impressions were taken at 
that time. Impressions were taken on modified Tergitol-7 
medium first and then on blood agar medium. Prior to incuba­
tion of the plates, the microorganisms deposited on the surface 
were spread over the entire surface of the medium with a 
sterile wire spreader. 
Examination of inflations 
The efficiency of heat treatment was checked by bacterio­
logical examination of the inside of the milking machine 
inflations at approximately two-week intervals throughout the 
13-week lactational exposure period. At each check at least 
six inflations were selected at random and swabbed. All 
swabs were taken immediately after heat treatment of the milk­
ing unit and before it was cooled with cold water. No more 
than one inflation on any one heat-treated milking unit was 
examined. A sterile dacron-tipped swab was inserted into the 
inflation and ten revolutions were made around the interior. 
All swabs were incubated in l^o horse serum beef infusion broth 
for three hours after which a loopful was spread on the surface 
of blood agar medium. 
Examination of milk 
Milk samples were drawn for all bacteriological procedures 
in such a manner as to avoid external contamination. The end 
of each teat was thoroughly cleaned with a pledget of cotton 
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dampened with 70^ isopropyl alcohol. A sufficient number of 
clean cotton pledgets were used on the teat end until there 
was no further soiling. After the teat end was allowed to 
air-dry, approximately one ml. of milk was removed from each 
teat. Only a small stream of milk was forced through the 
teat canal, thus preventing the milk from swirling around the 
external orifice of the teat canal and contaminating the sample. 
Routinely all quarters were sampled once each week and 
the fresh unincubated milk was examined bacteriologically. 
However, as indicated previously, when a positive Ci'iT reac­
tion was noted, a milk sample was drawn for bacteriological 
study. Numerous samples were collected as a result of positive 
CMT reactions during the I3 weeks of the experiment. All 
quarters were sampled three times after the three-week dry per­
iod exposure. One-tenth milliliter of fresh unincubated milk 
from each sample was spread evenly over the surface of blood 
agar and incubated as previously described. 
Criteria of infection 
A quarter was suspected of being infected with A. aerogenes 
when 20 or more CPU were isolated in pure culture per ml. of 
milk (two or more CPU per 0.1 ml.) from any one sample. If a 
positive CHT reaction also was observed along with local and/or 
systemic signs of mastitis, a positive diagnosis of udder 
infection was made. In the case of Str. agalactiae and Staphy­
lococcus epidermidls at least 100 CPU in pure culture per ml. 
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of fresh unincubated milk taken on three or more consecutive 
milkings was required to establish a positive diagnosis of 
udder infection. 
All quarters which became infected with Str. agalactiae 
were treated with appropriate antibiotics injected into the 
teat sinus. Some quarters that became infected with A. aero-
genes did not require treatment as the infection was self-
limiting. Other quarters were treated both locally and system-
ically with appropriate antibiotics. 
Identification of microorganisms 
Small discrete colonies which exhibited a narrow zone 
of hemolysis and morphology typical of Str. agalactiae on the 
surface of blood agar medium (Figure 12) were selected for 
study. A tube of hippurate-aesculin-ammonia (HAA) medium (I38) 
and a tube of serum broth /rer% i-ioculated from the same colony. 
Following incubation, the tube of serum broth was frozen for 
further study. Only those gram-positive cocci in chains that 
decomposed hippurate, were aesculin-negative and formed ammonia 
from peptones in HAA medium were provisionally identified as 
Str. agalactiae. Streptococcus agalactiae was positively 
identified by typical reactions in the following media: Util­
ization of salicin, trehalose, sodium hippurate, glucose, 
arginine, and sucrose; inability to utilize aesculin, mannite, 
sorbitol, inulin, starch, and raffinose. In addition, a 
Figure 12. Surface colonies of Streptococcus agalactiae on 
blood agar medium (6.5 X)• 
A. Twenty-four hours, B. Forty-eight hours. 
Figure I3. Surface colonies of Aerobacter aerogenes on blood 
agar medium (6.5 X). 
A. Twenty-four hours. B. Forty-eight hours. 
Figure 14. Surface colonies of Aerobacter aerogenes on mod­
ified Tergitol-7 medium (6.5 X). 
A. Twenty-four hours. B. Forty-eight hours. 
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positive Camp test (24) and acid production with coagulation 
and slight reduction in litmus milk aided identification. 
All colonies with typical coliform morphology, size, and 
color on the surface of blood agar medium (Figure I3) were 
picked and suspended in beef infusion broth from which a loop-
ful was spread on the surface of modified Tergitol-7 medium. 
Aerobacter aerogenes was provisionally identified by its 
morphologically distinct colony, size, and color on modified 
Tergitol-7 medium (Figure 14) and a lack of dye reduction on 
the medium. Also, acid and gas production with absence of 
hydrogen sulfide formation in triple sugar iron agar slants 
(148) was utilized for aid in provisional identification. 
Aerobacter aerogenes was positively identified by typical 
reactions in the following media: Utilization of citrate, 
acid and gas formation from raffinose, inability to form indol, 
formation of acetyl-methyl-carbinol, and a negative methyl red 
and motility test. 
Staphylococcus epidermidis was identified as a coagulase-
negative gram-positive coccus which was arranged in clumps and 
fermented glucose but not mannite. 
Cellular Content in Milk 
Total cell counts were made twice a week on milk collected 
from each quarter. The foremilk collected once a week for 
bacteriological study was used to evaluate total cells in milk. 
Three days later an additional sample consisting of strippings 
was collected and examined. Milk from each sample was drawn 
into a calibrated 0.01 ml. micropipette and spread uniformly 
on a one square centimeter area of a clean glass slide. All 
slides were air-dried, heat-fixed, defatted in xylene, and 
stained with Broadhurst-Paley stain. Slides were washed in 
running water, blotted, and air-dried. Cells were counted at 
560 magnifications. All cells found in milk, regardless of 
morphology, were counted. The number of cells counted in 20 
microscopic fields of each smear multiplied by 10,000 gave 
the number of cells per ml. of milk. The fields counted were 
located in a straight line from one edge of the smear through 
the center to the other edge. All cell counts are given in 
total number of cells per ml. of milk and includes both leuco­
cytes and epithelial cells, but excludes bacterial cells. 
Radiographs of Teat inds 
Radiographs were taken of the distal 2.5 cm, of all teats 
before the start of the experiment and again after the 13-week 
lactational exposure period. One-fourth milliliter of a sterile 
50^ solution of barium sulfate was injected into each teat '/ia 
the teat canal (Figure 15). A 1 ml. glass-tipped syringe was 
filled with barium sulfate and the tip was placed over the 
external orifice of the teat canal. Gentle pressure on the 
plunger of the syringe forced the barium sulfate solution 
through the teat canal and into the lower part of the teat 
sinus. Exposures were made with a General Electric mobile 
90-II X-ray unit. All radiographs were taken using a 0.6 
Figure 15. Technique for the injection of barium sulfate 
previous to radiography of the teat end. 
Figure 16. Technique for holding the radiographic film in 
apposition to the teat end during radiography. A 
metal ring and supporting rod aided in immobiliza­
tion of the teat. 
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second exposure, a focal-film distance of 26 inches, a 
kilovolt-potential of 85 and a milliamperage of 15. Kodak 
nonscreen periapical ultraspeed dental film was used (Figure 
16). A stainless steel rod was used to immobilize the teat 
during exposure. Following development, all films were 
enlarged exactly ten times? All measurements were taken from 
these enlargements. 
Challenge Experiment 
All quarters were challenged with an inoculum of A. 
aerogenes or S. agalactiae the third week following the l^-week 
lactational exposure period. Foremilk and stripping samples 
were collected at two consecutive evening milkings before 
each quarter was challenged. The foremilk samples were exam­
ined bacteriologically and the stripping samples were used to 
determine the number of cells in milk from each quarter prior 
to the challenge. 
Two quarters of each cow were randomly chosen for challenge 
with A. aerogenes and the remaining two quarters were used for 
challenge with Str. agalactiae (Table 3)- The inocula were 
prepared in the same manner as the exposure cultures and con­
sisted of three and one-half hour cultures appropriately 
diluted in 0.1^ solutions of proteose-peptone #3. Seventy + 
4-0 CFU of A. ae rogenes or I70 + 60 GPU of Str. agalactiae were 
injected into the teat sinus of each quarter via a metal teat 
tube and attached syringe. Foremilk samples were collected for 
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Table 3- Random assignment of microorganisms to quarters 
during intramammary challenge experiment. 
Quarter 
Cow RF EE LP LE 
4790 3a S A^ A 
4796 S A A S 
4812 S A S A 
4826 A S A S 
4831 S A S A 
4928 A A S S 
4929 S A S A 
4932 A S A S 
4939 S 5 A A 
4950 A S A S 
5076 S S A A 
5119 A S S A 
= Streptococcus agalactlae. 
= Aerobacter aerogenes. 
the two consecutive milkings following challenge. A bacterio­
logical examination and a cell count were made on each milk 
sample. Rectal temperatures were taken the two evenings before 
challenge and the next morning and evening after challenge. 
In order to determine if the diluent caused inflamma­
tion, 1 ml. of a sterile 0.1% solution of proteose-peptone #3 
was injected into each quarter of four cows three weeks after 
their lactational exposure to the microorganisms. 
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Plan of Experiments 
Table 4- outlines the general plan of the experiments. A 
total of over 24 weeks was taken to complete the experimental 
work in the dairy herd. 
Table 4. Plan of experiments 
Period Length 
in weeks 
Remarks 
Pre-exposure 2 
Lactation exposure 13 
Pre challenge 2 
Challenge 1 
Predry-off 3 
Early dry period expo- 3 
sure 
All quarters bacteriologically 
negative 
Exposure - 5 milkings a week 
All quarters bacteriologically 
negative 
Each quarter--30 to 230 colony-
forming units 
All quarters bacteriologically 
negative 
Exposure - 5 days a week 
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RESULTS 
Lactational Experiments 
The average number of CPU of A. aerop;enes and Str. aga-
lactiae placed on the end of each teat at the time of each 
exposure has been summarized in Table 5- Each figure in this 
table represents the average of five counts made each week 
for 13 weeks. The table shows that between 600,000 and 890,000 
CPU of A. aerogenes and between 480,000 and 730,000 CPU of 
Str. agalactiae were placed on the end of each teat at each 
exposure. It was assumed that these two counts represented 
approximately equal exposure of the teats to the two micro­
organisms. Forty-eight quarters were each exposed on 65 
occasions during lactation for a total of 3»120 individual 
exposures. 
Intramammary infections 
Quarter infections have been recorded by cow and by 
quarter in Table 6. Only 25 intramammary infections (0.8^ 
of exposures) resulted from the 3,120 experimental exposures 
of individual quarters. Of the 48 quarters exposed, 28 quart­
ers (58.3^) did not become infected with any microorganism 
during the 13-week exposure period (Table 7)- All of the re­
maining 20 quarters (41.7^) became infected with an approxi­
mately equal incidence of new infection caused by A. aerogenes, 
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Table 5* Average number of colony-forming units of each 
exposure microorganism in 0.01 ml. of mixed culture 
used for teat end exposure during lactation. 
Aerobacter Streptococcus 
aerogenes agalactiae 
Original 3-5 hour mixed 890,000^ 730,000 
culture 
From micropipette used to 780,000 690,000 
expose teat ends 
Prom micropipette at com- 600,000 480,000 
pletion of exposure 
procedure 
^Each figure represents the average of 65 cultural counts. 
Str. agalactiae, and Staphylococcus epldermidis. The latter 
microorganism colonized the skin on the end of most teats. 
Bacteriological examination of inflations 
Numerous gram-positive spore-forming rods were observed 
on all 42 plates made from swabs taken from inside the teat-
cups of the milking machine. On three plates many S. epiderm-
idls were also observed. Aerobacter aerogenes and Str. aga­
lactiae were not observed on any of the plates made from the 
inflation swabs. No microorganisms were recovered from the 
cold running water used to cool the milking unit. 
Table 6. Occurrence and type of Infection by cow and by quarter during experimental 
periods 
Lactation Dry period Total infec­
tions 
Aero-
Cow Quarter bacter 
Strepto- Staphylo-
coccus coccus 
Aerobacter- Strepto-
Streptococcus coccus Quarter Cow 
4790 A,B, C a 
D 1 1 1 
4796 A 2 1 3 
B 1 1 
C 1 1 2 
D 1 1 2 8 
4812 A 1 b 1 
B 1 1 
C 
D 1 1 3 
4826 A 1 3 a 4 
B 2 1 1 4 
C 2 2 4 
D 1 1 2 14 
4831 A.B.C.D 
^=Not exposed. 
^=Infected when dry period started. 
Table 6 (Continued) 
Lactation Dry period Total Infec­
tions 
Aero- Strepto- Staphylo- Aerobacter- Strepto-
Cow Quarter bacter coccus coccus Streptococcus coccus Quarter Cow 
4928 A.B.D 
C  1 1 1  
49 2 9  A  1  1  
B 1 1 
C 1 12
D  1 1 5  
49 3 2  A  1  1  
B 1 12
G i l  2  
D  1 1 6  
49 3 9  A  1  1 2  
B 1
c  1 1  1 3  
D  1 1 7  
4950 A,B,C 
D  3  2  1 6 6  
5076 A,B,C 
D 1 12 2 
5119 A.B.C 
D 1 11 
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Table ?• Summary of quarter infections during the thirteen-
week lactational exposure period 
Noninfected 
Infected 
Aerobacter aerogenes 
Streptococcus agalactiae 
Staphylococcus epidermidls 
Number of 
quarters 
28 (58.3?f) 
20 (41.7#) 
r 8 (30#)" 
9 (33#) 
10 (37#) 
Total number 
of infections 
12 (32#) 
13 (35#) 
12 (33#) 
Teat impressions 
The total number of teat end impressions, the number of 
times the exposure microorganisms were recovered, and the 
number of intramammary infections in each cow have been re­
corded in Table 8. During the lactational exposure period, 
five impressions of each teat were made on the surface of 
modified Tergitol-7 medium and six impressions of each teat 
were made on the surface of blood agar medium. Aerobacter 
aerogenes was recovered on 10 (4.2#) of 2^•0 teat end impres­
sions on modified Tergitol-7 medium. Little relation between 
survival of the microorganism on the teat end and the inci­
dence of udder infection was observed. Fifty (17.4#) of 288 
teat end impressions on blood agar medium revealed the pres­
ence of Str. agalactiae. Again there was little relation be­
tween microorganism recovery and incidence of udder infection. 
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Table 8. Survival of exposure microorganisms on the teat ends 
fifteen hours after exposure compared with the inci­
dence of infection 
Aerobacter aerogenes Streptococcus agalactiae 
Cow +/total Infections +/total Infections 
4790 0/20 0 2/24 0 
4796 2/20 1 5/24 3 
4812 0/20 0 6/24 0 
4826 2/20 6 4/24 4 
4831 0/20 0 9/24 0 
4928 1/20 0 1/24 0 
4929 2/20 0 7/24 1 
4932 0/20 1 5/24 1 
4939 0/20 1 4/24 2 
4950 3/20 3 2/24 2 
5076 0/20 0 4/24 0 
5119 0/20 0 1/24 0 
Quarter milk production 
The relationship between quarter milk production and the 
incidence of new infection in each quarter was studied. Table 
9 shows that the average quarter milk production was 8.0 
pounds per day for the 48 quarters during the lactational 
exposure period. Noninfected quarters averaged 0.4 pound per 
day more than the infected quarters during the exposure period. 
The above figures could certainly be misleading due to the 
depressed production in quarters when they became infected 
during the exposure period. Therefore, Table 10 shows the 
average quarter production just prior to initiation of exposure. 
The average production for all quarters was 14.0 pounds per 
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Table 9- Comparison of average daily quarter milk production 
from noninfected and infected quarters throughout 
the lactational exposure period 
Total quarters 
Noninfected quarters 
Infected quarters 
Average daily 
quarter production 
48 
28 
20  
3514 ml. (8.0 lb.) 
3586 ml. (8.2 lb.) 
3414 ml. (7.8 lb. ) 
Table 10. Comparison of average daily quarter milk production 
from noninfected and infected quarters just before 
the start of the lactational exposure period 
Average daily 
quarter production 
Total quarters 48 6160 ml. (14.0 lb.) 
Noninfected quarters 28 6425 ml. (14.6 lb.) 
Infected quarters 20 5788 ml. (13.2 lb.) 
Aerobacter aerogenes 6171 ml. (14.0 lb.) 
Streptococcus agalactiae 5228 ml. (11.9 lb.) 
Staphylococcus epidermidis 5886 ml. (13.4 lb.) 
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day whereas quarters that remained noninfected produced 1.4 
pounds more milk per day than subsequently infected quarters. 
Cellular content in milk 
Table 11 shows the average number of cells in milk from 
all noninfected quarters throughout the 13-week lactational 
exposure period. An average cell count of 8^,400 cells per 
ml. in milk may be somewhat elevated because of two factors: 
1) stripping counts were included, and 2) some quarters showed 
a slight increase in cell count near the end of the exposure 
period just before dry-off. 
Also shown in Table 11 is the cell count in milk from 
infected quarters. Not all infections were included in this 
table. Only those quarters which showed a stable cell count 
for two or more weeks before infection were included. The 
average preinfection cell count in 20 quarters with 28 infec­
tions was 165,800. The above figures might be biased by the 
failure of the cell count in infected quarters to return com­
pletely to preinfection levels following treatment. 
Cell counts previous to first infection were compared 
with cell counts in noninfected quarters obtained throughout 
the lactational exposure period (Table 12). Again it appeared 
that the subsequently infected quarters had higher cell counts 
than the quarters that remained noninfected. 
In the above analysis quarters were grouped on the basis 
of infectibility, regardless of the level of the cell count in 
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Table 11. Comparison of average cell counts in milk from 
noninfacted quarters throughout the lactational 
exposure period and in susceptible quarters prior 
to each of their experimental infections 
Cell count in 
miIk/ml. 
Noninfected quarters 28 8^,400 
Susceptible quarters prior 20 (28 infections) 165,800 
to their infection 
Table 12. Comparison of average cell counts in milk from 
noninfected quarters throughout the lactational 
exposure period and in susceptible quarters prior 
to their first experimental infection 
Cell count 
in miIk/ml. 
Noninfected quarters 28 
Quarters prior to their 20 
first infection 
Aerobacter aerogenes 4 
Streptococcus agalactiae 6 
Staphylococcus epidermidis 10 
83,400 
125,000 
114,000 
162,800 
106,500 
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milk. The data might be easier to interpret if a comparison 
was made between quarters within cows rather than between 
cows. In Table I3, a comparison was made between noninfected 
and infected quarters within the same cow. Once again the 
noninfected quarters had lower cell counts than the quarters 
which subsequently became infected. 
Maximum quarter milk flow rate 
The average maximum milk flow rate for 48 quarters was 
3^9-8 ml. per 20 seconds (Table l4). Noninfected quarters 
and infected quarters when grouped together had approximately 
the same maximum flow rates. However, if the flow rates from 
quarters infected with S. epidermidis were removed, the quart­
ers infected by A. aerogenes had higher maximum flow rates as 
compared to the noninfected quarters. Quarters infected with 
Str. agalactiae did not have a notably greater increase in 
maximum flow rate. 
Anatomy of the teat end 
The distal end of each teat was studied anatomically with 
the aid of radiography. The average length of the teat canal 
in the 48 teats studied was 11.I5 mm. (Table 1^). Twenty-eight 
noninfected quarters had shorter average teat canal lengths 
than the canals of 20 infected quarters. The average teat 
canal length according to etiology of infection has been 
given in Table 15. This table also summarizes the average 
teat canal diameter in three parts of the canal. The non-
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Table 13• Average cell counts in milk from infected quarters 
prior to their first experimental infection compared 
with the noninfected quarters within the same cow 
Cell count in Cell count in milk/ml. 
milk/ml. in in noninfected quarters 
susceptible within the same cow 
quarters 
Aerobacter 7 129,000 75.600 (12 quarters) 
aerogenes 
Streptococcus 11 243,000 99,400 (13 quarters) 
agalactiae 
Staphylococcus 10 106,500 60,300 (12 quarters) 
epidermidis 
Table l4. Average maximum quarter milk flow rates of non­
infected quarters compared with infected quarters 
Maximum flow rate 
(ml./20 seconds) 
Total quarters 48 349, .8 
Noninfected quarters 28 347. .9 
Infected quarters 20 352. .5 
Aerobacter aerogenes 8 382. , 6 
Streptococcus agalactiae 10 355. .5 
Staphylococcus epidermidis 10 t
—
I 
1 
Table 15. Average measurements (mm.) of the teat end from noninfected and infected 
quarters 
Teat canal Canal diameter Distance -
length 
Distal Middle Proximal 
canal end to 
teat end 
Total number of teats 48 11.15 0.45 0.42 0.94 1.72 
Teats from noninfected 
quarters 
'28 ' 10.97 0.42 0.38 0.80 1.63 
Teats from infected 
quarters 
.20 _ 11.40 0.54 0.48 1.13 1.85 
Aerobacter aerogenes 
1 %
i 
12.06 0.68 0.55 1.24 1.50 
Streptococcus agalactiae 10 11.60 0.64 0.54 1.36 2.00 
Staphylococcus 
epidermidis 
7_ 10.71 0.39 0 . 4 7  0.84 1.71 
^Multiple infections by the same microorganism. 
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infected quarters had a smaller average diameter in all three 
parts of the teat canal than the infected quarters. 
Upon further analysis of the teat canal diameter, it was 
found that a minimum teat canal diameter of 0.2 mm. or less 
correlated well with resistance and a minimum canal diameter 
of 0.5 mm. was related to infectibility (Table I6). Five 
canals with minimum diameters of 0.6 mm. or larger did not 
entirely agree with this general trend. 
The distance from the distal end of the teat canal to the 
distal end of the teat was also noted (Table 15)» On all 48 
teats this distance averaged 1.72 mm. Noninfected quarters 
usually had less invagination of the distal teat orifice than 
the infected quarters. 
The size and lining of the teat sinus was studied and, 
with the exception of the proximal opening into the teat canal, 
this area did not appear to be related to susceptibility. 
Challenge Experiment 
All 48 quarters of the 12 cows were challenged with either 
A. aerogenes or Str. agalactlae (Table 3)» The number of 
cells in two prechallenge stripping milk samples and two post-
challenge foremilk samples are given in Table I7. The results 
of the bacteriological study of two prechallenge foremilk 
samples and two postchallenge foremilk samples from each of 
48 quarters appear in Table 18. The results of the challenge 
71 
Table l6. Minimum teat canal diameter as related to the inci­
dence of infection caused by Aerobacter aerogenes 
and Streptococcus apçalactiae during lactation 
Minimum 
diameter 
in mm.®-
Total 
quarters 
Noninfected 
quarters 
Infected 
quarters 
0.2 or 
less 
16 12 (75#) 4 (25#) 
0.3 13 9 (70%) 4 (30#) 
0.4 6 3 (50#) 3 (50#) 
0.5 8 1 (13#) 7 (87#) 
0.6 or 
larger 
5 3 (60#) 2 (40#) 
^Average minimum canal diameter = 0.37 mm. (48 quarters). 
experiments data are summarized in Table 19 along with other 
pertinent data. 
Rectal temperatures that were taken two evenings before 
challenge and the morning and evening after challenge are 
recorded in Table 20. In most cases the rectal temperature 
increased as signs of mastitis appeared in the quarters of the 
udder. Increased rectal temperatures were usually observed 
within 6 to 24 hours after challenge with a gradual return 
to pre challenge levels within 48 to 72 hours. 
Of the 48 quarters challenged during lactation, 45 quart­
ers became infected with the exposure microorganism (Table 
19)' In most quarters, infection readily took place even 
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Table 17. Cell counts of milk (x 10^) the two days before and 
one day after Intramammary challenge of experimental 
cows 
Pre challenge Post challenge 
Cow Quarter strippings AM PM 
4790 RF 88 82 20 N 
RR 78 59 0 1,145 
LF 176 59 N N 
LR 88 39 646 N 
4796 RF 881 872 166 989 
RR 372 313 127 N 
LF 382 372 1.145 N 
LR 176 294 108 343 
4812 RF 49 29 39 N 
RR 29 59 N N 
LF 39 29 20 N 
LR 10 59 N N 
4826 RF 646 617 117 587 
RR 597 382 10 421 
LF 901 538 206 N 
LR 166 108 20 372 
4831 RF 98 127 88 N 
RR 39 127 N N 
LF 49 127 773 N 
LR 98 78 N N 
4928 RF 176 157 20 N 
RR 235 127 206 558 
LF 157 186 49 215 
LR 127 69 78 N 
4929 RF 245 225 98 1.361 
RR 460 166 127 206 
LF 206 343 59 2,800 
LR 529 392 176 558 
4932 RF 117 127 2,075 N 
RR 176 147 29 2,761 
LF 568 627 196 N 
LE 78 49 20 N 
N = Too numerous to count. 
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Table 17 (Continued) 
Prechallenge Postchallenge 
Cow Quarter strippings AM PM 
4939 BP 480 538 69 N 
RR 558 538 88 1,096 
LP 431 431 N N 
LR 215 215 N N 
4950 HF 166 206 N N 
RR 186 294 88 N 
LF 215 343 N N 
LR 431 636 N N 
5076 HF 147 88 39 N 
RR 98 39 10 N 
LF 20 157 N N 
LR 20 108 N N 
5119 RT'' 137 196 773 N 
HE 127 137 0 2,291 
LF 108 166 29 1,087 
LR 421 294 1,635 N 
74 
Table 18. Microbiology of foremilk samples the two days be­
fore and one day after intramammary challenge of 
experimental cows 
Challenge Postchallenge 
Cow Quarter Pre challenge microorganism AM PI'I 
4790 RF - - S S 
HR - - S S S 
LP - - A° A A 
LH - - A A A 
4796 Rf' - - S -
RH — - A A — 
LP A A 
LH — — S ~ — 
4812 RF S S S 
RR A A A 
LP S S S 
LR A A 
4826 RF - - A A 
RR - - S S S 
LF A A 
LR S - S 
4831 RF - - S S S 
RE A A A 
LF S S S 
LR A A A 
4928 RF A A A 
RR A A A 
LP 8 S 
LR S S S 
49 2 9  R F  -  -  S  S  S  
RR - - A A 
LP S S S 
LR — — A - A 
a S = Streptococcus agalactiae 
^A = Aerobacter aerogenes 
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Table 18. (Continued) 
Challenge . Postchallenge 
Cow Quarter Prechallenge microorganism AM PM 
4932 
4939 
4950 
5076 
5119 
RF — — A - A 
RR — — S S S 
LP — — A - A 
LR — — S S S 
RP mm mm S s S 
HK — — S - S 
LP — — A A A 
LR — — A A A 
RP A A 
RR — — S S S 
LP — — A A A 
LR — — S - S 
RP S S S 
RR — — S S 3 
LP — — A - A 
LR — — A - A 
RP A A A 
RR — — S S S 
LP - - S S 3 
LR — — A - A 
Table 19. Summary of challenge results 
Pre-exposure 
average milk Challenge 
cell count micro­ Quarter 
Cow Quarter (x 103) organism response 
4790 RF 88 swelling 
RR 68 S 
LF 117 A^ swelling 
LR 63 A swelling 
4796 RF 877 S swelling 
RR 342 A 
LF 377 A swelling 
LR 235 S 
4812 RF 39 S swelling 
RR 44 A 
LF 34 S swelling 
LR 35 A swelling 
4826 RF 632 A 
RR 489 S 
LF 719 A 
LR 137 S 
4831 RF 113 S 
RR 83 A swelling 
= Streptococcus agalactiae. 
= Aerobacter aerogenes » 
Increased 
Increased milk cell 
CMT count 
Microorganism 
recovery 
Unincubated Incubated 
milk milk 
+ + + 
+ + + 
+ + + 
+ + + 
+ + 
+ + + 
+ + + 
+ 
+ + + 
+ + + 
+ + + 
+ + + 
+ + 
+ + 
+ + 
+ + + 
+ + + 
+ + + 
Table 1$. (Continued) 
Pre-exposure 
average milk Challenge 
cell count micro- Quarter 
Cow Quarter (x 10^) organism response 
LF 88 s 
LR 88 A swelling 
4928 RF 167 A 
RR 182 A 
LF 172 S 
LR 98 S 
4929 RF 235 S 
RR 313 A 
LF 275 S 
LR 46l A 
4932 RF 122 A swelling 
RR 162 S 
LF 597 A 
LR 64 S 
4939 RF 509 S 
RR $48 S 
LF 431 A swelling 
LR 215 A swelling 
4950 RF 186 A swelling 
RR 260 S 
LF 279 A swelling 
LR 534 S 
Increased 
Increased milk cell 
CMT count 
Microorganism. 
recovery 
Unincubated Incubated 
milk milk 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-c 
m 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Table 19» (Continued) 
Pre-exposure Mi croorgani sm 
average milk Challenge Increased recovery 
cell count micro- Quarter Increased milk cell Unincubated Incubated 
Cow Quarter (x 103) ©rganism response CMT count milk milk 
5076 RF 118 S + + + 
RR 68 S + + + 
LF 89 A swelling + + + 
LR 54 A swelling + + + 
5119 RF 167 A swelling + + + 
RR 127 S + + + 
LF 137 S + + + 
LR 358 A swelling + -f + 
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Table 20. Rectal temperatures (°F,) of experimental cows two 
days before and one day after intramammary chal­
lenge 
Pre challenge Postchallenge 
Cow AM PM AM PM 
4790 101.0 101.2 105.4 106.2 
4796 101.4 101.7 103.3 102.2 
4812 101.3 100.8 104.6 101.4 
4826 101.2 101.2 101.9 101.4 
4831 101.3 101.2 106.0 106.4 
4928 101.2 100.6 101.2 102.0 
4929 100.9 100.6 101.2 101.4 
4932 101.1 101.0 101.7 106.0 
4939 102.0 101.4 104.0 102.8 
4950 101.3 101.0 101.5 102.3 
5076 101. 3 101.4 105.4 101.7 
5119 101.2 101.0 102.8 101.4 
though infections with the same microorganism had taken place 
during the preceding 13-week lactational exposure period. 
All quarters of four cows which had been challenged 
previously were, injected with 1 ml. of a sterile 0.1% solu­
tion of proteose-peptone to determine the effect of the 
diluent on the cell count in milk. The number of cells in 
milk samples that were collected at periods similar to those 
described for the challenge experiment are recorded in Table 
21. Milk samples collected aseptically at the same periods as 
described for the challenge experiment were all bacteriolog-
ically negative. Apparently, there was no general response in 
the form of increased cell levels in milk following the injec­
tion of the diluent. 
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Table 21. Cell counts in milk (x 10^) the two days before and 
one day after intramammary injection of the diluent 
used during challenge 
Pre challenge Postchallenge 
Cow Quarter strippings AM PM 
4929 RF 127 108 69 264 
RR 108 59 108 157 
LP 78 264 98 313 
LR 117 137 20 157 
4932 RF 137 98 0 157 
RR 108 98 29 137 
LP 59 157 29 39 
LR 117 147 49 98 
4950 RF 98 117 88 117 
RR 353 362 59 450 
LP 206 117 69 116 
LR 636 519 196 519 
5119 m-' 303 235 20 157 
RR 157 137 10 108 
LP 166 137 39 676 
LR 636 801 206 705 
Dry Period Experiments 
Exposure 
Nine of the 12 experimental cows were exposed by applica­
tion of A. aerogenes and Str. agalactiae to the teat end dur­
ing the early dry period. The three cows not exposed dried-
off at the same time. 
All except one teat of nine cows were exposed l6 times (a 
total of 560 exposures) during the first three weeks of the 
dry period. Usually five exposures were carried out each week. 
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The data given in Table 22 show that between 790,000 and 930«000 
CPU of A. aerogenes and between <^0,000 and 870,000 CPU of 
Str. agalactiae were deposited on the end of each teat at 
each exposure. It was assumed that these numbers represented 
approximately equal exposure of all teats. 
Table 22. Average number of colony-forming units of each 
exposure microorganism in 0.01 ml.- of mixed culture 
used during the dry period 
Aerobacter 
aerogenes 
Streptococcus 
agalactiae 
Original mixed culture 930,000^ 770,000 
Prom micropipette used to 
expose teat ends 
930,000 870,000 
From micropipette at 
completion of exposure 
procedures • 
790,000 510,000 
^Each figure represents the average of 16 cultural counts. 
Intramammary infections 
As indicated in Table 23, 17 (4-8.6^) of the 35 exposed 
teats became infected. Sixteen quarters became infected with 
Str. agalactiae and. one became infected, with Str. agalactiae 
and A. aerogenes. One quarter was infected at the beginning 
of the dry period and therefore was excluded from the experi­
mental exposures. 
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Table 23. Summary of quarter infections during the first 
three weeks of the dry period 
Number of quarters 
Noninfected. quarters 
Infected quarters 
Streptococcus agalactiae 
Aerobacter aerogenes -
Streptococcus agalactiae 
18 (jl.4#) 
17 (48.6#) 
16 
1 
(94#) 
(6#) 
Quarter milk production 
Factors which might influence susceptibility to new 
infections during the early dry period were investigated 
(Table 24). The average production of all quarters the last 
two days of lactation was 7.7 pounds per day. Subsequently 
infected quarters gave 8.8 pounds during the same period. 
Cellular content in milk 
The number of cells in foremilk and strippings from 
each quarter was determined for the last two days of lacta­
tion (Table 24), All quarters averaged 359.000 cells per ml, 
of milk. Noninfected quarters had much lower cell counts 
than quarters that subsequently became infected. 
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Table 24. Some factors apparently related to the suscept­
ibility to udder infection during the dry period 
All quarters 
Noninfected 
quarters 
Infected 
quarters 
Milk 
production 
last two 
days of 
lactation 
(pounds/ 
quarter/day) 
7.7 
6 . 7  
8 . 8  
Cell count 
in milk 
last two 
days of 
lactation 
(cells/ml. ) 
359,000 
239,000 
486,000 
Lactational 
maximum 
milk flow 
rate (ml./20 
seconds) 
351 
306 
396 
Maximum quarter milk flow rate 
Lactational maximum quarter milk flow rates were also 
analyzed in relation to new dry period infections (Table 24). 
All quarters averaged 351 ml. per 20 seconds. Noninfected 
quarters had lower maximum flow rates during lactation than 
quarters that became infected during the dry period. 
Anatomy of the teat end 
The anatomy of the teat canal and teat end was analyzed 
with respect to new quarter infections during the dry period 
(Table 25). Average teat canal length in 35 exposed quarters 
was 11.46 mm. Noninfected quarters had shorter teat canals 
than quarters that became infected. At three areas in the 
teat canal, the average diameter was greater in the infected 
Table 25. Average measurements (mm.) of the end of teats of noninfected quarters 
compared with those of quarters which became infected during the dry 
period 
Teat Canal diameter Distance -
canal canal end 
length Distal Middle Proximal to teat end 
Total number of teats 35 11.46 0.4-3 0.4-1 0.94 
Teats from noninfected "18 11.08 O.36 0.35 0.82 
quarters 
Teats from infected 1? 11.83 O.51 0.47 I.07 
quarters ^ 
Aerobacter aerogenes - [ 1 "| 12.50 O.7O 0.40 0.80 
Streptococcus agalactiae 
Streptococcus agalactiae I6 11.78 O.5I 0.48 l.l4 
1.69 
1.39 
2 . 0 0  
5.00 
1.84 
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quarters than in the noninfected quarters. In 35 teats, the 
average distance from the distal end of the teat canal to the 
distal end of the teat was 1,69 mm. (Table 25). In noninfect­
ed quarters, the distance was much shorter when compared to 
the same distance on teats of quarters that became infected. 
Some of the factors that appeared to influence resistance 
and susceptibility to udder infection by A. aerogenes and Str. 
agalaotiae have been summarized in Table 26). 
Table 26. Summary of some factors related to susceptibility 
to udder infections during lactation and the dry 
period 
Lactational 
infections 
Dry period 
infections 
Type of infecting 
microorganism 
a 
+ 
b 
Survival of microorganism 
on teat end 
Milk production + 
Cell counts in milk 
Maximum quarter 
milk flow rate 
+ + 
Anatomy of the 
teat end 
+ 
^Apparently not related. 
^Apparently related. 
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DISCUSSION 
Lactation 
Incidence of infection 
During lactation under equal exposure conditions, the 
incidence o,f infection of the mammary gland caused by A. 
aerogenes and Str. agalactiae was similar. The weekly inci­
dence of new quarter infections during the 13-week lactational 
exposure period was as follows: A. aerogenes - 1.9^', Str. 
agalactiae - 2.1^, and S. epidermidis - 1.9^- With no anti­
biotic treatment, the new infection rate of the quarters of 
the mammary gland under field exposure conditions has been 
reported to vary from 0.8 to 1.3^ per week during lactation 
(107). The higher rate of new infections reported in this 
study may be due to prompt eradication of the microorganisms 
from the newly infected quarters and the rapid return of these 
quarters to a susceptible state. Regardless of the etiology, 
a microorganism rarely causes infection in a quarter con­
currently infected with another type of microorganism. The 
number of quarters in the experimental group thus remained 
fairly constant throughout the entire lactational exposure 
period. In field herds observed by Oliver et a2. (107) when 
infected quarters were not treated, the number of quarters 
with the high rate of infection gradually decreased as more 
quarters became infected. If the experimental group is 
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smaller and the specific quarters with a higher rate of infec­
tion have been selectively removed, the rate of infection for 
the herd would decrease. 
The exposure technique may have resulted in an increased 
incidence of udder infection; however, the large number of 
microorganisms used for exposure of the teat ends did not 
break through the natural resistance of many quarters. 
The part which chance may play in the exposure of the 
mammary gland to microorganisms was eliminated in this experi­
ment. It can be assumed that if specific microorganisms do 
not gain access in sufficient numbers to the interior of 
the udder, no infection will result. On the other hand, the 
results of this study clearly indicate that infection of the 
udder is not by chance since 55-^% of all exposed quarters 
never became infected with any microorganism. It is therefore 
apparent that there are mechanisms which prevent the establish­
ment of infection within certain quarters of some mammary 
glands. 
Preliminary observations indicated that gram-positive 
coccal microorganisms usually greatly outnumbered gram-negative 
coliform microorganisms on the end of the cows' teats. Only 
one to 20 coliform microorganisms of the same type could be 
isolated from the end of any one teat. This was observed on 
some teats that were completely covered with dried fecal 
material and before washing with running water. 
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Under the uniform conditions of exposure as employed in 
this study, the incidence of udder infection caused by a gram-
negative coliform microorganism aerogenes) and a gram-
positive coccal microorganism (Str. agalactiae) was similar. 
These results may not be entirely comparable with recent 
reports of field surveys on udder infections. Surveys detect 
the accumulation of quarter infections over several lacta­
tions and dry periods. This study deals with the incidence 
of new quarter infections and does not measure the accumula­
tion of infection as all infections were eradicated with 
antibiotic treatment. 
The incidence of new udder infections caused by A. 
aerogenes, Str. agalactiae, and S. epidermidis was similar. 
These findings suggest that these strains of A. aerogenes 
and Str. agalactiae were no more invasive for the mammary 
gland than was S. epidermidis. It would appear that in the 
case of these three microorganisms, invasiveness is relatively 
unimportant as long as adequate numbers of one of these micro­
organisms gain entrance to the udder. In other words, it 
appears that other factors were more important than the type 
of microorganisms. 
Many reasons can be given for the greater number of udder 
infections caused by gram-positive coccal microorganisms as 
compared with gram-negative coliform rods as reported in recent 
field surveys. 
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In the field most of the coliform infections of the mammary-
gland are acute and last only a few hours to a few days. Most 
of these quarters are treated with antibiotics which rapidly 
destroy the coliform microorganisms while in the nontreated 
quarters the infection usually is self-limiting. Consequently 
chronic infection of the udder with coliform rods is quite 
rare. Hastings et aJ.. (4$) have observed that A. aerogenes 
is not transmitted from cow to cow in the milking line as 
occurs in the case of Str. agalactiae. As A. aerogenes rarely 
causes a chronic infection of the udder, transmission can 
only occur at a few milkings during the acute disease when 
the microorganism population is high in the milk. 
Weil £t . (158) reported that increased human infec­
tions due to A. aerogenes in recent years may have resulted 
from suppression of other microorganisms by the use of anti­
biotics. This statement also applies to udder infections 
(127). 
Udder infections caused, by gram-positive cocci are usually 
insidious and chronic so they are not as frequently treated 
as the coliform infections. Furthermore, the coccal forms 
are not as readily eliminated from infected quarters by anti­
biotic therapy. As infections caused by gram-positive cocci 
tend to become chronic, these microorganisms are present in 
high numbers in the milk from most infected quarters. When 
these infected quarters are milked, the microorganisms accumu­
late on the skin of the teats and on the inside of the milking 
89 
machine inflation and become continual sources of potential 
infection at every milking. Gram-positive cocci usually 
survive and multiply more readily on the surface of the teat 
skin as compared with gram-negative coliform rods. As 
observed in this study and reported by Spencer and Lasmanis 
(139). staphylococci were present in high numbers at the 
external teat orifice and therefore continually serve as a 
readily available source of infection. If the skin on the 
end of the teat is devitalized and cracks are present, strepto­
cocci can reside and multiply in these areas and also serve 
as a constant source of infection. 
Survival of mlcroorganisms on the teat ends 
i:'.ven though an average of 480,000 to 890,000 CPU of 
each exposure microorganism was placed on the end of each 
teat at each exposure, the exposure microorganisms were 
recovered only in a few Instances 15 hours after exposure. 
Streptococcus agalactiae was recovered on 17.4^ of the impres­
sions of 288 teat ends and A- aerogenes was recovered on 4.2% 
of the impressions of 240 teat ends. Even though A. aerogenes 
was recovered less frequently than Str. agalactiae, the inci­
dence of udder infections was similar for the two micro­
organisms. In agreement with Lancaster and Stuart (65), there 
appeared to be no relation between frequency of recovery of 
Str. agalactiae from the surface of the teat end and the 
infection rate within each cow or within each quarter. Also, 
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in this study frequency of recovery of A. aerogenes 15 hours 
after exposure of the teat end was not related to the inci­
dence of new infection caused by this microorganism. 
It appears that survival of A. aerogenes and Str. agalact-
iae on the teat end for 15 hours or longer was not essential 
for the establishment of intramammary infection. Furthermore, 
the incidence of udder infection was not increased in those 
quarters on which either A. aerogenes or Str. agalactiae 
survived longer than 15 hours on the teat end. 
Staphylococcus epidermidis colonized the skin on the 
end of the teats of most cows utilized in this study. Teat 
impressions, which were taken on the surface of blood agar, 
routinely revealed large numbers of S. epidermidis. As 
recommended by Dodd and Foot (36), udder washing with running 
water at 115° F. followed by udder drying with individual 
paper towels was quite effective in the removal of transient 
microorganisms but S. epidermidis remained in high numbers. 
However, this routine procedure of washing and drying of the 
mammary gland appeared to be superior to results obtained by 
washing cows with a small amount of disinfectant solution and 
subsequent drying. 
Milk production 
Milk production was less in subsequently Infected quarters, 
both before the start of the experimental period and throughout 
the lactational exposure period. Quarter production may have 
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been biased as some quarters had been infected before the 
start of the experimental period. The results of this experi­
ment appear to indicate that high production does not stress 
the quarter and Increase its susceptibility to infection. 
Also, no evidence was obtained in this experiment to support 
the theory that the inherited ability for high milk production 
predisposes to udder infection as stated by McLeod and Wilson 
(75). 
Cellular content in milk 
Cell counts in milk from quarters that did not become 
infected were lower than cell counts in milk obtained prior 
to infection from quarters subsequently infected with the 
exposure microorganisms. This was true when a comparison 
was made between cows as well as within a cow. Other investi­
gators (12,48,65,66,70,87,115) have observed higher cell 
counts in milk from susceptible quarters prior to their 
infection with Str. agalactlae. These observations pose the 
question as to the exact function of the cells at the levels 
observed in the milk throughout this study. 
Schalm et aX (125.130) stated that phagocytosis was 
important in the control of udder infections caused by A. 
aerogenes and Str. agalactiae. Katsube and Blobel (63) ob­
served that ^  vitro A. aerogenes and Str. agalactiae were 
readily phagocytlzed but subsequently destroyed the cell. The 
environment within the phagocyte may offer protection to the 
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microorganisms for multiplication. This period of protection 
may be needed to permit infection to take place. 
When the results of this experiment are compared with 
the above reports, it appears that perhaps cell counts below 
200,000 cells per ml. in foremilk or strippings may not be 
effective in the prevention of udder infection by A. aerogenes 
and Str. agalactiae. It may well be that when cell numbers 
are below 200,000 cells per ml., other factors such as the 
anatomy of the teat end may be more important in the preven­
tion of infection. Also, as reported by Schalm ^  al. (125, 
130}, the number of microorganisms that gain access to the 
interior of the udder becomes an important consideration as 
to whether infection will become established or the cells 
within the milk will eliminate the microorganism. 
The findings in this study appear to contradict the re­
ports of Schalm et (125,130)- However, the conditions 
of the two experiments were different as Schalm reported on 
leucocyte levels in milk and challenged only the factors with­
in the udder that control infectibility. This study evaluated 
the total cell count in milk and microorganisms were placed 
on the exterior of the teats. 
Staphylococcus epidermidis invaded quarters with the 
lowest average cell count in milk previous to infection. As 
S. epidermidis has been shown to be lysed within phagocytes 
(63), these microorganisms may not depend on a protective 
period within the phagocyte. It appears that a low cell 
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count is necessary for S. epidermidis to establish an udder 
Infection. A high number of cells in the milk probably pre­
vents multiplication of the microorganism. 
Maximum quarter milk flow rate 
When all quarters were grouped on the basis of suscept­
ibility, the infected quarters showed only a slight increase 
in flow rate over the nonlnfected quarters. However, if the 
infected quarters were grouped as to type of infection, some 
differences in flow rates became apparent. 
In quarters that became Infected with Str. agalactiae, 
the flow rate was elevated only 6 ml. above the average of 
all quarters. These results are similar to the findings of 
Murphy and Stuart (89). Quarters that became infected with 
A. aerogenes had an increase of 32.8 ml. in their flow rate 
as compared with the average of all quarters. No reports 
could be found in the literature concerning flow rates of 
quarters infected with A. aerogenes. Staphylococcus epiderm­
idis appeared to pass through the relatively nondilatable 
teat canal since quarters infected with this microorganism 
had flow rates well below the average of all quarters. 
If the above findings are compared with the other results 
of this study, it appears that different factors may be con­
cerned with resistance and susceptibility of the mammary gland 
to infection by the three microorganisms. Because the flow 
rate was increased in quarters infected by A. aerogenes, an 
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easily dilatable teat canal may permit this microorganism 
to enter the udder and initiate infection. Observations of 
radiographs show that most of the fluid is removed from a 
tight teat canal and an area for survival of microorganisms 
is thereby eliminated. This same mechanism would also decrease 
the amount of capillary attraction within the teat canal be­
tween milkings. 
It appears that mechanical assistance by the movement 
of fluids within the teat canal may constitute a mechanism 
that allows A. aerogenes. and perhaps also Str. agalactiae, 
to gain access to the interior of the udder. This mechanism 
could operate both at the time of machine milking and during 
the period between milkings. 
Neither A. aerogenes nor Str. agalactiae appeared to 
colonize the end of the teats and therefore probably did not 
colonize the epithelium within the teat canal. However, Str. 
agalactiae was recovered more frequently from the teat end 15 
hours after exposure as compared with A. aerogenes. Longer 
survival of Str. agalactiae on the teat end would extend the 
period of external exposure. This mechanism may have helped 
to maintain the incidence of infection due to Str. agalactiae 
at a level similar to A. aerogenes. However, it should be 
pointed out that there was no relation between survival of 
Str. agalactiae on the teat end and the incidence of new 
quarter infections caused by this microorganism. The exact 
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mechanism or mechanisms influencing udder infections due to 
3br. agalactiae are not readily apparent from the results of 
this study. 
McEwen and Cooper (7^) and Dodd and Neave (39) observed 
an increased incidence of udder infection in cows with higher 
milking rates. In these two studies, the majority of infec­
tions were caused by Staphylococcus aureus. In the present 
study, the quarters infected by S. epidermidis had flow rates 
well below the average of all quarters. Thus, it appears 
that S. aureus and S. epidermidis may have different mechanisms 
for entrance into the udder. As S. epidermidis is able to 
colonize the skin on the teat end and perhaps also the epi­
thelial lining of the teat canal, this microorganism could 
have grown through the teat canal and into the mammary gland. 
If a microorganism colonizes the skin on the end of the 
teat, dilatability of the teat canal, as expressed by the 
maximum quarter milk flow rate, may not be too important in 
limiting udder infection. The results of S. epidermidis tend 
to substantiate this conclusion. However, if a microorganism 
has a limited survival on the skin on the teat end and does 
not colonize this area, the dilatability of the teat canal 
may be an important factor influencing new infections. This 
conclusion appears to be substantiated in the case of new 
infections due to A. aerogenes. 
The incidence of infection could have increased because 
the milking unit was left on all teat^ until the milk had 
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stopped flowing from the last teat. It could be argued that 
quarters with higher maximum flow rates might milk out faster 
and thus these quarters would be overmilked. This may not 
be too important as there is little relation between quarter 
milk yield and average quarter milk flow rate throughout 
milking. Also, Neave et al. (98), in a ten month experiment 
with 20 cows, found that prolonged milking for an additional 
five minutes after the end of milk flow did not increase the 
incidence of udder infection. 
Anatomy of the teat end 
The length of the teat canal has been suspected as an 
important factor influencing the incidence of mammary gland 
infections. However, in this study, the incidence of infec­
tion due to Str. agalactiae was not increased in quarters 
having shorter teat canals. Actually, noninfected quarters 
had shorter teat canals than quarters infected with Str. 
agalactiae. These findings are in agreement with those of 
Murphy and Stuart (93) who found no relation between teat 
canal length and infection with Str. agalactiae. Average 
teat canal length was longer in quarters infected with either 
A. aerogenes or Str. agalactiae. Microorganisms that do not 
colonize epithelial surfaces may be more easily flushed out 
of the shorter teat canals. 
Staphylococcus epidermidis was able to invade quarters 
with shorter than average teat canals. This is probably 
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related to the shorter distance this microorganism nad to 
colonize before invasion of the udder took place. 
Quarters infected with both A. aerogenes and Str. agalact-
iae had larger than average teat canal diameters at the distal, 
middle, and proximal end of the canal as demonstrated radio-
graphically. Also, the minimum diameter of the teat canal 
tended to be larger as the incidence of infection increased 
which is in agreement with Johnston's findings (62). 
Staphylococcus epidermidis was able to infect quarters 
with teat canals of average diameter. From this and the 
previous observations on teat canal length one might conclude 
that the anatomy of the teat canal is not an important factor 
in limiting udder infections caused by microorganisms that 
colonize the skin on the teat end. 
In quarters infected with Str. agalactiae, teat orifice 
inversion was greater than average. The greater degree of 
orifice inversion may have permitted longer survival of this 
microorganism following exposure of the teat end and there­
fore the increased recovery of Str. agalactiae on teat impres­
sions. If capillary attraction takes place within the teat 
canal, the microorganisms could easily gain access to the teat 
sinus and result in infection. The inoculum did remain in a 
fluid state longer on the end of teats with a greater degree 
of orifice inversion. 
Teat orifice inversion was not related to the incidence 
of infection with either A. aerogenes or S. epidermidis. 
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Thus, any increased protection offered microorganisms in the 
more inverted area surrounding the teat orifice did not favor 
infections due to A. aerogenes and S. epidermidis. 
In spite of strict aseptic precautions which were taken 
during radiographic procedures, one quarter became infected 
with S. epidermidis following this technique. This infection 
was promptly treated to eradicate the microorganism and the 
infection was not considered in the results of this study. 
Challenge Experiments 
As 58.3^ of the quarters in this study never became 
infected with any microorganism during the lactational expo­
sure period, it appeared necessary to challenge all quarters 
by direct instillation of the same strains of microorganisms 
into the udder and determine if infection would occur. Follow­
ing intramammary challenge, the exposure microorganisms infec­
ted most all quarters into which they were injected. There­
fore, in some quarters it appears that either the microorgan­
isms were entirely excluded from within the quarter or they 
entered the udder in quantities insufficient to cause infec­
tion. 
These findings indicate that when small numbers of the 
microorganisms utilized in this challenge experiment gain 
access to the interior of the mammary gland, infection will 
usually occur. Furthermore, these findings show that there 
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are some mechanism or mechanisms influencing the entrance of 
microorganisms into the mammary gland. 
Of the 48 quarters challenged during lactation, the 
challenge microorganism was recovered in nonincubated fore­
milk from all but seven quarters. In four of these seven 
quarters, the microorganism was isolated from samples of 
incubated milk. Challenge microorganisms were not recovered 
at the sampling times in only three of 48 challenged quarters. 
However, two of these three quarters had positive CriT reactions 
and increased cell counts in milk following challenge. This 
would tend to indicate that microorganisms had invaded the 
two quarters but were completely destroyed by the subsequent 
response. 
'The cell count in strippings from the left rear quarter 
of 4796 just before challenge averaged 235.000 cells per ml. 
and, when a small number of A. aerogenes was introduced, 
the quarter was able to resist infection in agreement with 
results presented by Schalm et (125). 
The cell count in strippings from the right front quarter 
of 4796 was 875,000 cells per ml. and from the left front 
quarter of 4826 the cell count was 720,000 cells per ml. just 
before challenge. Both of these quarters apparently were able 
to rapidly overwhelm the challenge microorganisms. 
The three resistant quarters had cell counts at or above 
235.000 cells per ml. in strippings just before challenge. 
Cell counts in milk from the other 45 quarters averaged 216,000 
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cells per ml. in strippings just before challenge. Average 
counts in milk from the ^5 quarters that became Infected 
ranged from 34,000 to 632,000 cells per ml. Thus, all quart­
ers with a cell count below 235.000 cells per ml. in strip­
pings became infected when the challenge microorganism gained 
access to the teat sinus. If the cell count in strippings is 
235.000 cells per ml. or higher, the quarter appeared to have 
a good chance of preventing Infection when challenged with 
small numbers of microorganisms. 
Following challenge many quarters became swollen and 
clots were observed in the milk. Rectal temperatures were 
also elevated in several cows following challenge. Three cows 
did not recover from this challenge and died or were euthaniz­
ed. 
The results of the challenge experiment indicate that in 
infections of the mammary gland with either A. aerogenes or 
Str. agalactiae, little if any resistance to subsequent 
infection develops as a result of quarter infection. These 
results are in agreement with the work of others (5,16,17.18, 
34,66,70,103,104,105,123,129,125,145,147). 
Before the challenge experiment could be properly and 
completely evaluated, 1 ml. of a 0.1^ solution of proteose-
peptone #3 was injected into each quarter of four previously 
challenged cows. The effect of the sterile culture diluent 
on the cell count in milk was evaluated. No infections re­
sulted from the injections and no general increase in the cell 
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content in the milk was noted. Thus, it appears that the 
diluent was not responsible for the increased cell levels 
and the new infections within the challenge quarters. 
Dry Period 
Incidence of Infection 
The weekly incidence of new quarter infections during 
the first three weeks of the dry period was as follows: A. 
aerogenes - O.^fo and Str. agalactiae - 15.?^. Under field 
conditions, the new infection rate during the first three 
weeks of the dry period has been reported (10?) to be between 
1.5 and 14-, 8% per week. It appears that exposure techniques 
used in this study considerably increased the new infection 
rate during the dry period. 
When approximately equal numbers of A. aerogenes and Str. 
agalactiae were placed on the end of the teats during the dry 
period, only one quarter became infected with A. aerogenes 
and this was a mixed infection with Str. agalactiae. It should 
be pointed out that no coliform infections of the udder during 
the dry period had occurred in these nine cows prior to these 
experiments. As I6 of 35 exposed quarters became infected 
with Str. agalactiae, this incidence appears to be quite high. 
This increased incidence of infection is probably related to 
the large number of microorganisms used during exposure which 
agrees with the observations of Neave and Oliver (97)• They 
reported that when 500,000 staphylococci were placed on the 
102 
end of the teats, the infection rate was very low but when 
5 million microorganisms were used, the infection rate increas­
ed to 36^'. 
The high rate of new gram-positive coccal infections dur­
ing the dry period accounts for part of the high incidence of 
infection due to these microorganisms during lactation. In 
this study the weekly Incidence of infection was l6.6^ during 
the dry period compared with 5*9^' during lactation. This 
observation is similar to the report of Oliver et a2. (10?) 
except the weekly incidence of Infection is higher in the 
present study. New udder infections during the dry period 
caused by Str. agalactiae nearly always persist throughout the 
dry period and into the next lactation as was shown by Howell 
(5^)- In field herds, the new Infection rate due to staphylo­
cocci is also quite high during the first three weeks of the 
dry period as reported by Oliver et al. (IO7). The majority 
of these new infections also persist into the next lactation. 
A large number of quarter infections detected when surveys 
are taken on lactating cows are actually infected during the 
first three weeks of the dry period. 
No new dry period infections resulted from invasion by 
8. epldermldis. During previous dry periods of some cows used 
In this study, the incidence of new infection by S. epldermldis 
had been quite high. It would appear that the large exposure 
doses, especially of Str. agalactiae, allowed this micro­
organism to establish within the udder before S. epldermldis. 
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Also, the cells in milk within the udder may have destroyed 
S. epidermidis if it invaded the udder. 
Milk production "before dry-off 
New infections were higher in quarters that were produc­
ing a larger amount of milk just before dry-off. Quarters 
infected during the dry period averaged 8.8 pounds of milk 
per day the last two days of lactation whereas noninfected 
quarters produced an average of 6-7 pounds per day during the 
same period. These findings are in agreement with the results 
presented by Oliver et al. (109). 
Increased intramammary pressure from lack of milk removal 
during the dry period could dilate the teat canal and allow 
milk to remain in the lumen. Some of the cows' teats were 
observed to leak milk for a few days at the beginning of the 
dry period. This observation may also partly be due to fatigue 
of the closing structures around the teat canal because of the 
continual pressure and thus it becomes easier for milk to 
pass through the teat canal. If capillary attraction occurs 
within the partially dilated teat canal as reported by Little 
(69)• microorganisms on the end of the teat could readily gain 
access to the teat sinus. It would appear that A. aerogenes 
and Str. agalactiae do not colonize the teat end and therefore 
they probably do not grow through the teat canal especially 
if injury is not present. Also, there is a possibility that 
the higher cell counts in milk during the dry period could 
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have destroyed A. aerogenes if it invaded the teat sinus. 
Cellular content in milk before dry-off 
The cell count in milk the last two days of lactation 
could have influenced the incidence of new dry period infec­
tions. However, quarters that did not become infected averaged 
239,000 cells per ml. in strippings just before dry-off and 
quarters that became infected averaged 486,000 cells per ml. 
during the same period. It would appear that higher milk 
cell levels just before dry-off offer little or no procection 
and in this study actually appear to favor new infections by 
51r. ?galaotia^-'. During lactation a slight elevation of the 
cell level in milk has been reported (48,65,66,70,115) to 
promote new quarter infections by 3tr. agalactiae. The pro­
tective environment within the phagocyte may permit better 
growth or some factor associated with inflammation may favor 
new infection by Str. agalactiae. 
These observations appear to contradict the findings of 
Schalm. e_t al. (130). However, as during lactation, total cell 
counts are reported whereas Schalm reported leucocyte counts. 
Also, Schalm injected Str. agalactiae directly into the teat 
sinus and in this study the microorganisms were applied to 
the exterior of the teat ends. Different mechanisms influenc­
ing infection are being evaluated in the two studies. 
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Maximum quarter milk flow rate 
Maximum milk flow rates obtained during lactation were 
related to the new infection rate during the dry period which 
is in agreement with Dodd and Neave (39)» Noninfected quarters 
had average maximum milk flow rates of 3O6 ml. per 20 seconds 
and infected quarters averaged 39^ ml. per 20 seconds. This 
would tend, to indicate that the higher the milk flow rate and 
apparently the more dilatable the teat canal the greater the 
possibility of infection by Str. agalactiae during the dry 
period. Milk retention in the more dilatable canals might 
be greater as suggested by Espe and Gannon (42) and thus allow 
microorganisms to pass through the teat canal by capillary 
attraction as reported by Little (69). 
Anatomy of the teat end 
During the dry period as during lactation, a longer teat 
canal did not appear to aid in prevention of udder infection 
caused by Str. agalacbiae. Quarters that became infected were 
actually guarded by teats with longer canals than those on 
noninfected quarters. While it might be reasoned that a longer 
teat canal would aid in prevention of infection, this could 
not be substantiated. No information in the literature was 
found concerning the length of the teat canal and the inci­
dence during the dry period. 
The average diameter of the distal, middle and proximal 
parts of the teat canal was greater in the quarters that became 
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infected during the dry period as opposed to the noninfected 
quarters. A small teat canal diameter appears to promote 
removal of most all of the milk within the teat canal and 
therefore capillary attraction would be less apt to take 
place. 
The distance from the end of the teat canal to the end 
of the teat was increased in the quarters that became infected 
during the dry period. This recessed area probably permitted 
longer contact of the microorganisms with the teat orifice 
and therefore increased the chances for invasion of the teat 
s inus. 
Table 26 summarizes the factors observed in this study 
and the role which each factor appears to play in infection 
of the udder during lactation and the dry period. 
CCNCLUSICNS 
During lactation a similar incidence of udder infection 
was obtained when teat ends were uniformly exposed to 
A. aerogenes and Str. agalactiae. 
During the dry period, Str. agalactiae infected approxi­
mately 40X of the quarters. 
Neither A. aerogenes nor Str. agalaotiae colonized the 
skin on the end of the teat. 
Survival of A. aerogenes and Str. agalactiae on the end 
of the teats for fifteen hours or longer after exposure 
was not related to the incidence of new infection. 
Staphylococcus epidermldis colonized the skin on the end 
of the teats and resulted in a similar number of udder 
infections compared with either of the exposure micro­
organisms . 
Milk production of the quarters that became infected 
during lactation was less than that of noninfectecl 
quarters. 
Quarters with higher milk production just before dry-off 
were more apt to become infected during the dry period. 
Elevated cell counts in milk were observed in the quarte 
that became infected. 
Quarters with elevated cell counts in milk were more 
frequently infected by Str. agalactiae. 
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10. During lactation quarters with higher maximum milk flow 
rates were more susceptible to infection by A. aerogenes 
and Str. agalactiae. 
11. Quarters infected by A. aerogenes and Str. agalactiae 
usually had teats with longer and more dilated canals. 
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SUMMARY 
All teats of 12 cows in an experimental mastitis herd 
were uniformly exposed for I3 weeks during lactation and 9 
of the 12 cows' teats were exposed for the first three weeks 
of the dry period. One-hundredth milliliter of a three and 
one-half hour mixed culture containing approximately equal 
numbers of colony-forming units of Streptococcus agalactiae 
(Cornell 48 strain) and Aerobacter aerogenes (Schalm I236 
strain) were applied to the end of each teat before and after 
five evening milkings each week. 
During lactation, 20 quarters (4l.?^i) became infected 
and 25 quarters (58.3/0 remained noninfected. Streptococcus 
agalactiae caused I3 infections in nine quarters, A. aerogenes 
caused 12 infections in eight quarters and 12 infections in 
ten quarters were caused by Staphylococcus epidermidis. The 
latter microorganism colonized the skin on the end of most 
teats. As approximately equal numbers of infections were 
caused by the three microorganisms, it appeared that there was 
little difference in their invasiveness for the mammary gland. 
Aerobacter aerogenes and Str. agalactiae were recoverable in 
a few instances from the teat skin at the next milking but 
were usually absent at that time. No differences in the inci­
dence of infections could be related to the length of time 
these microorganisms survived on the teat skin. 
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Cell counts in milk were lower in quarters that did not 
become infected compared with the counts prior to infection 
in susceptible quarters. Therefore, in this study the level 
of cells in milk did not appear to be an important factor in 
resistance to infection. Daily quarter milk production during 
lactation apparently was not related to susceptibility. 
Maximum quarter milk flow rates appeared to be related 
to susceptibility to new udder infections. Flow rates of all 
quarters averaged 3^9-8 ml. per 20 seconds while in noninfect-
ed quarters the flow rate was 1.9 ml. less than average. Plow 
rates were elevated by 5*7 ml. in quarters infected by Str. 
agalactiae and by 32.8 ml. in quarters infected by A. aerogenes. 
Radiographs of the teat end showed that in 48 quarters the 
average canal length was 11.15 mm. Canal length in noninfect-
ed quarters was 0.18 mm. less and in infected quarters 0.25 
mm. greater than the average of all canals. A smaller diameter 
of the teat canal was related to resistance during lactation. 
During the first three weeks of the dry period, 17 of 
35 exposed quarters became infected. Streptococcus agalactiae 
alone caused l6 of the 17 new infections. Higher quarter 
milk production the last two days of lactation and a higher 
maximum quarter milk flow rate during lactation were related 
to an increased incidence of new dry period infections. Ele­
vated cell counts in milk just before dry-off were also related 
to an increased incidence of infection. 
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